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REAL P ARTYjNJNTEREST: 

international Business Machines Corporation, the assignee of the entire interest of the present 
application, is the real party in interest in this appeal. 



There are no related appeals and interferences. 



ST ftTiTg nff CLAIMS: 



Claimsl,2,4 to l3and21to23arependinginthi S appeal andallofclaimsl,2,4 to 13and21 
to 23 havebeen finally r^ 
claims are allowed. 
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STA lHg OF ^mt?.nt>MRNTS: 

A. Am— After Pinal Rejection was Sled November 23. 2004. In an Advisory Ac*. 
™Ued January 26, 2005, ft* Examiner did no. a..ow the application and, ftmher, for purpo-e. 
appea,, the Examiner indicated that «. Amendment After Fine, Re.iec.ion ^ be entered. 
S „ ,0 the Advisory Ae,ion. however, ft. underfed on February 7, 200 5 , spate 

Final Rejection will be entered. Having not received the Supplementary Advisory Action, tbe 
nndersisned.^apo.cwitHE^tnerPo.eronPe^i^OOS.andExamtnerPo.erad^ 

presented in the Amendment After Final Rejection. 



The presen, invention plains to an indnctor which is hurled or emhedded in a dialectic 
materials, such as orsanic matoriais, are no, exduded. Q is a q ua.i.y factor for ,ndu«ors and » 
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defined 33 the ratio of its reactance to its effective series resistance at a given frequency. It wouldbe 
desirable to have an embedded inductor with a relatively high Q value and high inductance. 

Figure 1 illustrates an embedded inductor 12 in a dielectric substrate 10. The layer* of the 
dielectricmaterial^^ have been removed for 

clarity. Figure 9 is a cross section of the embedded inductor 12 with the various dielectric layers in 
place, ^turning to Figure 1. each turn of the embedded inductor 12 includes a bottom portion 20, 
atop portioned two sidepo^^^ 

in different layers. As shown in Figure 1, bottom portion 20 is in a first layer while top portion 18 
is in another layer several layers away. The side portions 22 are parallel to each other. The top 
portions 18 and bottom portions 20 are formed by screened lines while side portions 22 comprise 
vias so that the top portions 18 and side portions 20 have lower crosseotional area than the side 
portions 22. (Specification page 9, lines 13-23 to page 10, lines 1-10). 

Howeve^becausemetoppor^ 
side portions 22, they create higher resistance. Structural changes which minimize the resistance of 
the top portions 18 and bottom portions 20 croate higher Q values. (Specification, page 11. lines 18- 
24). 

Figures 3 to 5 (claim 1 ) and Figure 5 (claim 23) illustrate preferred embodiments of the invention 
inwMchstructuralchangeshavebeenmadetothetopportionsl^ 
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both high Q value and high inductance. 
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For the convenience 
is reproduced here as follows: 



ienccoftheBoard, claim 1 claiming a first preferred embodiment of the invention 



1 . A dielectric substrate having a multiturn inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) amultiturnmdu^ 
bottom portion, a top po«ion and 

parallel and in different layers of the &^^*™: l *^ sinf , vias in the dielectric body, 
and extending between the top and bottom ^J^^^g™ than the side portions and 

RefernngtoFigure^ 
1 8 comprises top subportions 1 8A and 1 SB and bottom portion 20 comprises bottom subportions 

20 Aand20B. (Specif 

oth er but seoarated by one layer while bottom subportions 20A and 20B are liaise one over the 
other separated by one layer. Embedded inductors 112,2, 2 are similar to embedded inductor 12 

showninFigurelexcept^^ 

Fi ^ e5s i„ularlyshows^ 

Byincreasmgthemet^ 

inductor is reduced, thereby increasing its inductance. 
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For the convenience of the Board, claim 23 claiming a second preferred embodiment of the 

invention is reproduced here as follows: 



23. A dielectric substrate having a multiturn inductor comprising: 
a) a multilayer dielectric body comprising a plurality of layers; 

m » rmiltitum inductor buried within the dielectric body, each turn of the inductor comprising a 
to£ p5- and two side portions, the bottom portion and too pornon ^g 
^SSiffer^ 



the top and bottom portions and comprising vias in the dielectric body 
^eiTthe too and bottom portions have a lower crossectional area than the side portions and 



length in juxtaposition. 

Referring to Figure 5, me embedded inductor 312 is similar to embedded inductor 12 shown in 
Figure 1 except that embedded inductor 312 has top subportions and bottom subportions which are 
unequal in lengm. According to tins embodiment of the invention, the inductor loop has been made 
closer to circular shape to farther increase the Q of the embedded inductoT 3 1 2. (Specification, page 
12, lines 12-14). 



ramTMHS OF R g rirfTTON TO BF ffFVTFWFD ON APPEAL: 



T The_Hfl2 rftjections: 
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A. Claims 1 to 6 and 21 to 23 have been rejected by the Examiner under 35 USC §l02(e) as being 
anticipated by Ann et ah U.S. Patent 6,53 1 ,945 (hereafter "Ann"). 



n n,» q irrt rejections: 

A. ciatoThasbe^^ec.edby^E^underJSUSCSJOSW^bdng.npa.en.abUoverMn 
in view of Burgbartz et at. U.S. Patent 5,884,990. 

B. aaim S 8,ol0andl3have been rejected by toe Examiner under 35 USC 5103(a) asbeing 
unpamntabte over Abn in view of Uu et al. U.S. Paten. 6.459352 (hereafter "Liu"). 

a Claims 11 and 12 nave been rejected by me Examiner under 35 USC 5103(a) as being 
unpate n»blaov«AnninviewofB,e nM dtU.S.P^«5,4«U53(h^^e rt ^"). 



at?i?ITMENT; 



1 The §102 rejections: 
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A. Claims 1 to 6 and 2 1 to 23 have been rejected by the Examiner under 35 USC § 1 02(e) as being 
iticipated by Ahn et ah U.S. Patent 6,531 ,945 (hereafter "Ann"). 



ant 



"Anticipation requires the disclosure in a single prior art reference of each element of the claim 

under consideration." %J — V CM ' **" 721 F 2d 154 °* 220 USPQ 3 ° 3 ' 313 

(Fed.Cir. 1983). If any element is missing, the claim is not anticipated. In re K ovka and Martin, 490 

F.2d 981, 180 USPQ 580 (GCPA 1974). 

As Appellants will argue, each of claims 1 , 4 to 6 and 23 contain elements which have not been 
disclosed in Ahn, thereby compelling the conclusion that claims 1 , 4 to 6 and 23 are not anticipated 
by Ahn. 



(f) Patentability of claim 1: 

Claim 1 claims the embodiments as illustrated in Figures 3 to 5. As recited in claim 1 , each turn 
of the inductor comprises a bottom portion, a top portion and two side portions. These embodiments 
further illustrate, and claim 1 further recites, that the top and bottom portions (of each turn of the 
inductor) comprise two parallel wiring lines in juxtaposition (. . . each turn of the inductor comprising 
a bottom portion, a top portion and two side portions... wherein the top and bottom portions each 

-8- 



PA6E 10/79 ' RCVD AT 2/24/2005 2:48:27 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 1 DNIS:8729306 ' CSID:845 892 6363 ' DURATION (mm-ss):24-20 



FEB 24 '85 16=16 FR IPLflU E FISHKILL 845 892 6363 TO 917038729306 P. 11/79 



Patent 

10/016,090 tBM Do0ket NQ ' F1S920010163US1 

comprise two parallel wiring lines in juxtaposition » [emphasis added]). Referring to Figures 3 and 
4, it can be seen that top portion 18 of each turn of the inductor comprises two parallel wiring*** 
1 8A, 1 8B in juxtaposition and bottom portion 20 of each turn of the inductor comprises two parallel 
wiring lines 20A, 20B in juxtaposition. Figure 5 also illustrates separate top and bottom subportions 
of each turn of the inductor. Such an arrangement as illustrated in Figures 3 to 5 minimizes the 
resistance of the top and bottom portions, thereby increasing the inductance and optimizing Q (see 
specification, page 11, lines 18-24, and page 12, lines 1-6). 

Ahn disclosesamultilayerdielectricbodyhavingan embedded inductor wherein each turn of the 
inductor includes top and bottom portions 220 and sides (paths) 140. Each turn of the Ahn inductor 
comprises only a single wiring Ime for me top portion 220 and a single wiru^ 
portion. While Ahn does show top portions and bottom portions in juxtaposition, these are in 
,; ff ^^f the inductor, contrary to the limitations of Applicants' claim 1 which require the 
juxtaposed parallel wiring lines in each mm of the inductor (...each, jum of the inductor comprising 
a bottom portion, a top portion and two side portions... wherein the top and bottom portions each 
comprise two parallel wiring lines in juxtaposition." [emphasis added)). As Ahn fails to teach the 
foregoing limitation of juxtaposed parallel wiring lines in each turn of the inductor, Ahn cannot 
anticipate Appellants' claim 1. 
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(ii) Patentability of claim 23: 

Claim 23 is similar to claim 1 except that the juxtaposed parallel wiring lines in each turn of the 
inductor are of unequal length (...wherein the top and bottom portions each comprise at least two 
parallel wiring lines of unequal length in juxtaposition.). This is the embodiment shown in 
Appellants' Figure 5. More importantly, the configuration shown in Figure 5 more closely 
approximates the shape ofa circle so as to furmermcreasetheQofthe embedded inductor. Ahn does 
not show the embodiment claimed in claim 23. In the final Office Action, the Examiner states that 
Ahn illustrates that the top and bottom portions are of unequal length in juxtaposition. This maybe 
true but this is not what is claimed by Appellants. Appellants are clainung that -..the top and bottom 
portions eachcompriseatte^ r ^i^iwiri ng lines of uneouallenem..." [emphasis added]. Since 
Ahn shows top and bottom portions each comprising only one wiring line, Ahn cannot show top and 
bottom portions each comprising at least two parallel wiring lines of unequal length. As Ahn fails to 
show this limitation of Appellants' claim 23, Ahn cannot anticipate Appellants' claim 23. 

Inasmuch as claims 2, 4 to 6, 21 and 22 depend from claim 1, and since claim 1 is believed to be 
patentably distinguishable over Ahn, then claims 2, 4 to 6, 21 and 22 should be patentable as well. 



(iii) Patentability of claim 4 

In addition, claim 4 is believed to be independently patentable. 
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Claim 4, which depends from claim 1 , claims vias connecting the juxtaposed parallel wiring lines 
of the top and hottom portions. As noted above, these juxtaposed wiring lines are in each turn of 



inductor. 



Ahn discloses only paths 140 between the top and bottom portions 220 ofthe inductor. These paths 
140 are equivalent to the side portions of Appellants' inductor. However, Ahn can not show vias 
between the juxtaposed parallel wiring lines ofthe top and bottom portions of each turn ofthe 
inductor because Ahn does not show parallel wiring lines ofthe top and bottom portions of each turn 
Ofthe inductor (as explained above with respect to claims 1 and 23) and, in addition, does not show 
vias between those parallel wiring lines as claimed by Appellants in claim 4. 

In the final Office Action, the Examiner states that "The paths ( 1 40) can advantageously comprise 
vias...The vias are filled with conductive posts (2 10). which connect the ends ofthe top and bottom 
portions...". However, it is submitted that the Examiner fails to appreciate that Appellants' claim 4 
requires that each ofthe top and bottom portions recite parallel wiring lines, and vias between those 
parallel wiring lines, while the top and bottom portions of Ahn only show single wiring lines. It is 
impossible for Ahn to show vias between parallel wiring lines as claimed by Appellants since Ahn 
fails to show parallel wiring lines that make up the top and bottom portions of each turn ofthe 
inductor and thus Ahn cannot show vias between such nonexistent parallel wiring lines. As Ahn fails 
to show the limitation of claim 4, Ahn cannot anticipate Appellants' claim 4. 
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(iv) Patentability of claim 5 

Claim 5 is believed to be independently patentable. 

Claim 5, which depends from claim 4, claims vias connecting the juxtaposed parallel wiringlines 
of the top and bottom portions only at the ends of the lines. This feature is shown in Figure 3. 

Ann discloses only paths 1 40 between the top and bottom portions 220 of the inductor. Thesepaths 
1 40 are equivalent to the side portions of Appellants* inductor. However, Ann can not show vias only 
at the ends of and between the juxtaposed parallel wiring lines of the top and bottom portions of each 
turn of die inductor because Ahn does not show parallel wiring lines of the top and bottom portions 
of each turn of the inductor (as explained above with respect to claims 1 and 23) and, in addition does 
not show vias only at the ends and between those parallel wiring lines as claimed by Appellants in 
claim 5. 

In the final Office Action, the Examiner states that "The paths (140) can advantageously 
comprise vias...The vias are filled with conductive posts (210), which connect the ends of the top and 
bottom portions...". However, it is submitted that the Examiner fails to appreciate that Appellants' 
claim 5 requires that each of the top and bottom portions recite parallel wiring lines, and vias at the 
ends of and between those parallel wiring lines, while the top and bottom portions of Ahn only show 
single wiring lines. It is impossible for Ahn to show yjas between parallel wiring lines as claimed by 

- 12- 



PAGE 14/79 1 RCVD AT 2/24/2005 2:48:27 PM [Eastern Standard Time] * SVR:USPT0£FXRF-1/1 ' DNIS:8729306 ' CSID:845 892 6363 ' DURATION (mm-ss):24-20 



FEB 24 '05 16: IV FR IPLAUi E FISHKILL 845 892 6363 TO 917038729306 P. 15/79 



10/016,090 mM Docket N °' FIS920010163US1 

Appellants since Aha fails to show parallel wiring lines that make up the top and bottom portions of 
each turn of the inductor and thus Ann cannot show vias at the ends of and between such nonexistent 
parallel wiring lines. As Ahn fails to show this limitation of claim 5, Ann cannot anticipate 
Appellants' claim 5. 



(v) Patentability of claim 6 

Claim 6 is believed to be independently patentable. 

Claim 6, which depends from claim 4, claims vias connecting the juxtaposed parallel wiring lines 
of the top and bottom portions wherein the vias are spaced along the length of the parallel wiring 
lines. 

Ahn discloses only paths 140 between thetop and bottom portions 220 of the inductor. Thesepaths 
140 are equivalent to the side portions of Appellants' inductor. However, Ahn can not show vias 
between the juxtaposed parallel wiring lines of the top and bottom portions of each turn of the 
inductor and along the length of the parallel wiring lines because Ahn does not show parallel wiring 
lines of the top andbottom portions of each turn of the inductor and, in addition, does not show vias 
between those parallel wiring lines and spaced along the lengmmereof as claimed by Appellants in 

claim 6. 
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In the final Office Action, the Examiner states that Ahn illustrates "that the parallel conductive 
segments (220) have a length and the vias (140) are spaced along the length of the segments (220)." 
Besides the fact that Ahn does not show top and bottom portions which each comprise parallel wiring 
lines, and therefore Ahn cannot show vias between those parallel wiring lines, Ahn also does not show 
vias spaced along the length of the segments (220) as claimed by Appellants. The vias in Ahn areonly 
at the ends of me segments (220) as clearly shown in Figure 1 A of Ahn. As Ahn fails to show this 
limitation of claim 6, Ahn cannot anticipate Appellants' claim 6. 



T¥ ThftS 103 rejections: 

A. Claim 7 has been rejected by the Examiner under 35 USC § 103(a) as being unpatentable over Ahn 
in view of Burghartz et al. U.S. Patent 5,884,990. 

Inasmuch as claim 7 depends from claim 1 and since claim 1 is believed to be patentable, then 
claim 7 should be patentable as well. No independent ground of patentability is asserted for claim 7 
at this time. 



B. Claims 8 to 10 and 13 have been rejected by the Examiner under 35 USC §103(a) as being 
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unpatentable over Ahn in view of Liu et al. U.S. Patent 6,459,352 (hereafter "Liu"). 

Inasmuch as claims 8 to 10 and 13 depend from claim 1, and since claim 1 is believed to be 
patentable, then claims 8 to 1 0 and 13 are believed to be patentable as well. In addition, claims 9 and 
1 0 are believed to be independently patentable. 

'To etoblish prima facie obviousness of a claimed invention, all the claim limitations must be 
taught or suggested by the prior art." MPEP §2143.03. "All words in a claim must be considered in 
judging the patentability of that claim against the prior art .» InreMson, 424 F.2d 1382, 1385, 165 
USPQ 494, 496 ((CCPA 1970). 

As Appellants will argue, each of claims 9 and 10 contain limitations which are not taught or 
suggested by the prior art. thereby compelling the conclusion that claims 9 and 1 0 are not rendered 
obvious by the prior atL 



(i) Patentability of claim 9 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. Claim 
9 recites an additional feature of Appellants' invention, namely tuning the inductor by deleting a 
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portion of the inductor. 

It is submitted that the Examiner has failed to state a p ri ma faci e case of obviousness. 

Neither Ahn nor Liu teaches the aspects of Appellants' invention claimed in claim 9. Ahn teaches 
a single inductor while Liu teaches a transformer, which essentially is an inductor coiled within 
another inductor. Neither of Ahn nor Liu teaches tuning of the inductor. Tuning is performing some 
operation on the inductor so as to fine tune the amount of inductance obtained (specification, page 15, 
lines 18-21). Liu does state, as noted by the Examiner, that the size of the inductor is an important 
factor with respect to the use of the inductor and its Q factor. The solution to this requirement is to 
make a small size, high Q inductor as taught by Liu. Liu says nothing about tuning an inductor, ease 
flE inH„ e tor has ah^dybegq formed , by deleting a portion of the inductor as Appellants have 
claimed. It is thus submitted that the Examiner has failed to state a g r ima facie case of obviousness 
with respect to claim 9 since the combination of Ahn and Liu fail to teach the limitations of claim 9. 



(ii) Patentability of claim 10 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. C 
10 recites additional features of Appellants' invention, namely tuning the inductor by adding at 
one additional buried loop to the inductor. 
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It is submitted that the Examiner has failed to state a prima facie case of obviousness with respect 

to claim 10. 

Neither Ann nor Liu teaches the aspects of Appellants* invention claimed in claim 10. Ahn 
teaches a single inductor while Liu teaches a transformer, which essentially is an inductor coiled 
within another inductor. Neither of Ahn nor Liu teaches tuning of the inductor. Tuning is performing 
some operation on the inductor so as to fine tune the amount of inductance obtained (specification, 
page 1 5, lines 1 8-2 1). It is recognized, as noted by the Examiner, that Liu teaches two inductors to 
form a transformer. However, these inductors at all times appear to be separated from each other and 
there appears to be no teachings in Liu to connect these two inductors or a portion of each of the 
inductors to tune the resulting inductor. Liu says nothing about tuning the inductor, once the inductor 
has already been formed , by adding an additional loop as Appellants have claimed. It is thus submitted 
that the Examiner has failed to state a prima facie case of obviousness with respect to claim 10 since 
the combination of Ahn and Liu fail to teach the limitations of claim 10. 



C. Claims 11 and 1 2 have been rejected by the Examiner under 3 5 USC §103 (a) as being unpatentable 
over Ahn in view of Eberhardt U.S. Patent 5,461 ,353 (hereafter "Eberhardt"). 

Inasmuch as claims 1 1 and 12 depend from claim 1 , and since claim 1 is believed to be patentable, 
then claims 11 and 12 should be patentable as well. In addition, claims 1 1 and 12 are believed to be 
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independently patentable. 

As Appellants will argue, each of claims 1 1 and 12 contain limitations which are not taught or 
suggested by the prior art, thereby compelling the conclusion that claims 1 1 and 12 are not rendered 
Obvious by the prior ait. 

(i) Patentability of claims 11 and 12 

It is submitted that the Examiner has foiled to state a prima facie case of obviousness with respect 
to claims II and 12, 

As Appellants noted above, Ahn does not teach the basic aspects of Appellants' invention. Claims 
1 1 and 12 recite additional features of Appellants' invention, namely tuning the inductor by the 
addition of a plate adjacent to the inductor. In claim 1 1, the plate is electrically isolated from the 
inductor while in claim 12, the plate is electrically connected to the inductor. 

Neither Ahn nor Eberhardt teaches the aspects of Appellants' invention claimed in claims 1 1 and 
1 2. Ahn does not teach tuning of the inductor. While Eberhardt does teach tuning of the inductor, the 
tuning is done in a different manner than that claimed by Appellants. That is, Eberhardt's inductor is 
tuned by metallized runners. By cutting a runner, the number of turns of the inductor is increased. As 
noted by the Examiner in the final Office Action, "In order to increase the inductance value of the 
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inductor, one or more of the adjustment runners are cut using well known laser trimming equipment 
or by simply mechanically cutting one or both runners." It is apparent from Eberhardt that only whole 
turns are added at a time; this is a very coarse adjustment. 

Appellants' invention, on the other hand, uses an adjacent plate to tune the inductor which is 
structurally different than the metallized runners of Eberhardt. The plate is always there and always 
affects the inductance of the inductor because the adjacent plate is always magnetically or electrically 
coupled to the inductor. Any fine tuning can be done by deleting portions of the plate. Thus, 
Appellants' tuning apparatus as claimed in claims 1 1 and 12 is structurally different than the 
metallized runners in Eberhardt and operates functionally differently as well as just explained. 
Accordingly, the Examiner has failed to state a prima facie case of obviousness since the combination 
of Ahn and Eberhardt fails to teach the limitations of Appellants 5 * claims 1 1 and 1 2. 
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SUMMARY: 



In view of all of the preceding remarks, it is submitted that claims 1, 2, 4 to 13 and 21 to 23 are 
in condition for allowance, that the Examiner's various rejections of claims 1, 2, 4 to 13 and 21 
to 23 are erroneous and reversal of the Examiner's decisions is respectfully requested. 



International Business Machines Corporation 
Zip 482 
2070 Route 52 

Hopewell Junction, NY 12533 
Fax No. (845) 892-6363 



Respectfully Submitted, 



David C. Long, et aL 




Ira D. Blecker Rfeg. No. 29,894 
Telephone: (845) 894-2580 
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CLAIMS APPENDIX: 

1 , A dielectric substrate having a multiturn inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multiturn inductor buried within the dielectric body, each turn of the inductor comprising a bottom 
portion, a top portion and two side portions, the bottom portion and top portion being parallel and in 
different layers of the dielectric body, the side portions being parallel to each other and extending 
between the top and bottom portions and comprising vias in the dielectric body, wherein the top and 
bottom portions have a lower crossectional area than the side portions and wherein the top and 
bottom portions each comprise two parallel wiring lines in juxtaposition. 

2. The dielectric substrate of claim 1 wherein the top and bottom portions comprise wiring lines 
situated in respective layers of the dielectric body. 

Claim 3. (Canceled) 
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4. The dielectric substrate of claim 1 further comprising vias connecting the parallel wiring lines of 

each of the top and bottom portions. 

5. The dielectric substrate of claim 4 wherein the parallel wiring lines have ends and wherein the vias 
connecting the parallel wiring lines are only at the ends of the lines. 

6. The dielectric substrate of claim 4 wherein the parallel wiring lines each have a length and wherein 
the vias connecting the parallel wiring lines are spaced along the length of the parallel wiring lines. 

7. The dielectric substrate of claim 1 wherein the turns of the multiturn inductor form a toroidal shape, 

8. The dielectric substrate of claim 1 wherein the multituni inductor is tuned by tapping the multiturn 
inductor at selected locations. 

9. The dielectric substrate of claim 8 further comprising deletion of a portion of the multiturn inductor 
so as to tune the multiturn inductor. 

-22- 
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10. The dielectric substrate of claim 1 wherein the multitum inductor is tuned by the addition of at 
least one additional buried loop to the multitum inductor. 

1 1 . The dielectric substrate of claim 1 wherein the multitum inductor is tuned by the addition of a {date 
adjacent to the multitum inductor, the plate being electrically isolated from the multitum inductor. 

12. The dielectric substrate of claim 1 wherein the multitum inductor is tuned by the addition of a 
plate adjacent to the multitum inductor, the plate being electrically connected to the multitum 
inductor. 

1 3. The dielectric substrate of claim 1 wherein the multitum inductor is a first multitum inductor and 
further comprising a second buried multitum inductor near the first multitum inductor but electrically 
isolated therefrom, the first and second multitum inductors cooperating to form a transformer. 

Claims 14 to 20 (Canceled). 
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2 1 . The dielectric substrate of claim 1 wherein the top and bottom portions are planar in shape so as 
to comprise a flat portion having a width and a thickness less than the width, the side portions having 
a circular contact surface and the flat portion of the top and bottom portions in contact with the 
circular contact surface of the side portion. 

22. The dielectric substrate of claim 1 wherein the top and bottom portions are planar wiring lines and 
the side portions are vias having a circular contact surface wherein the planar wiring lines directly 
contact the circular contact surface of the vias. 

23. A dielectric substrate having a multitum inductor comprising: 

a) a multilayer dielectric body comprising a plurality of layers; 

b) a multitum inductor buried within the dielectric body, each turn of the inductor comprising a bottom 
portion, a top portion and two side portions, the bottom portion and top portion being parallel and in 
different layers of the dielectric body, the side portions being parallel to each other and extending 
between the top and bottom portions and comprising vias in the dielectric body, wherein the top and 
bottom portions have a lower crossectional area than the side portions and wherein the top and bottom 
portions each comprise at least two parallel wiring lines of unequal length in juxtaposition, 
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EVIDENCE APPENDIX: 

COPIES OF REFERENCES CITED BY THE EXAMINER TO FOLLOW 
Ahn et aL U.S. Patent 6,531,945 
Burgiartz et al. U.S. Patent 5,884,990 
Eberhardt U.S. Patent 5,461,353 
Liu et al. U.S. Patent 6.459,352 
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RELATED PROCEEDINGS APPENDIX 



NO RELATED PROCEEDINGS 
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ABSTRACT 



An inductor is fabricated on a substrate having a top surface 
and a bottom surface. The inductor includes r nmratfty of • 
holes extending through the substrate, wherein the plurality 
of interconnect the top surface and the bottom surface 
of the substrate* The inductor also includes a plurality of 
conductive posts formed in the plurality of holes and a 
plurality of conductive segments formed on the top surface 
and oo the bottom surface that interconnect the conductive 
posts such that a contmuoiis conductive coil is formed. The 
inductor also includes a magnetic core that occupies sub- 
stantially the entire volume enclosed by the ajnductxve coiL 

15 Claims, 10 Drawing Sheets 
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INTEGRATED CIRCUIT INDUCTOR WITH A cm*tocri*e segments infenxancctrng the pair of substan. 

MAGNETIC CORE dally parallel rows of conductive caimans to form a con- 

ductive enfl, surrouudiog the magnetic core. 

BACKGROUND OF THE INVENTION s ^t^^f^ST^'^SS 

X. Field of the Invention substrate, and a conductive material interwoven with the 

This mveatibn relitcs in genera! to mdaetors foe use in l*^^ rabeto ^s*^ 

integrated catnip and relates mow particularly to into- °^? Ucli \ c ™ lenal * * ***** A"*™* into the 

grated drcnit mductors having magnetic cores. 1fl P"*'*** substrate, 

ZX>eOTpth>n of the Related Ait - . 0ac cmbod T cat ' « ****** comprises a substrate 

. ^_ _ „ having a top surface and a bottom surface, a ntnralitv of 

Mucta are used m a wide range of signal processing boka extend through the ^ubstratet^in tKK 
systems and c« For csamnle, inductor are used in of holes iiSnecX Cop ^ ino^bS^c^ 
c^mun^toi systems, radar systems, television systems, Th* inductor flmher comprises a ptamKry of conductive 
hi# pro Alters, tank a 15 posts formed in the pIuraTtyof hoL, a phiral^ofoT 

As electronic signal processing systems have become ductive segments formed on the top surface and an the 
mote highly integrated and niimatarizcd, system designers bottom surface that mieramncct the conductive posts such 
h^esougM to eJimmalette use (rf relatively lar^ that & continuous ooadDctive coil is formed; and a magnetic 

componcnis,5uchasmductors. One approach to eliminating core occupying substantially the entire volume enclosed by 
tae use of actual inductors in signal processing systems is to 20 the conductive coiL 

SS^SS^Jf wtah can be easily In one embodiment, an inductor comprises a multolaycr 

mimafuriaxd. Uomrlm^tely.jimnlated inductor circuits tend substrate, a magnetic core formed onthc multilayer 
to cxrjflxit largo parasitic effects and often generate more substrate, and a coil interwoven with the multilayer substrate 
noise (nan circuits constructed using actual iomictom. and surrounding (he magnetic core. 

When unable to eliminate mductom in theix designs, 25 In one emtodimcnl, a device comprises an integrated 
designers have sought ways to reduce the size of the circuit formed on a substrate, a magnetic core fenced on the 
nuhictors mat are used. For eacampk, inductors are minia- substrate, and an inductor interwoven with the substrate and 
Darned fbr use in compact communication systems, such as surrounding the magnetic core, wherein the mdnctor is 
ceimlar phones and modems. These nimiatarized inductors - operably coupled to the mtcgratcd circuiL 
t>T)caliy cOTiprise twcHtoBensional spiral inductors that are In one embodiment, a memory system comprises a sub- 
£abi nca ted on the same substrates as the integrate d circuits to strateh aving a plurality of memory circuits, a magnetic core 
wtach they are coupled. Although these rwo^ensional formed in a region of the substrate, and a conductive coJi 
sr^ inductors on be fabricated using conventional inte- interwoven with the substrate and surrounding the magnetic 
grated curctui manuracrnnng techniques, they tyrncnJly take core. 

tip a disproportion * to onc CXDbo ^ D ^ a computer system comprises a 

area on an integrated arc** substrate. processor and an mdSor conSgT^^Tmag! 

For these and other masons, there is a need fi^ the present nttic core formed on the substrate, and a corxtuctrvc coil 
invention. interwoven with the substrate and surrormding the ma^ieac 

-w 40 cere. The computer system further coxnprises an dectronic 

SUMMAJnr OF THE INVENTION device coupled to the iuducmr and toT processor. 

An inductor comprises a substrate, a magnetic core In one embodiment, a method of fabcteatmg an uiducrcr 
formed in a region of the substrate, and a conductive coil embedded iu a substrate comprises the steps of forming a 
interwoven with the substrate and ^ourxling the magnetic magnetic core m the substrate and febricatmg a three- 
core. 45 dimensional conductive coil around the magnetic core. 

In one embodiment, an indnctof comprises a substrate, a ^.^.f? bQdjmcat> a rathod of fabricating an inductor 
magnetic core formed on the substrate, and a throe- cmbe&kd m a substrate comprises the steps of farming a 
dirriensional conductive ptoranty of paths cxiendmg through the substrate, forming a 

a plurality of conductive posts mtereonnected by a plurality magnetrc core in the substrate, cfcpqaiting a conductive 
of conductive segmeors such that the inductive coil sur- 50 m J^f ^ P aths to fb^ a plurality of c onductive posts, 
rounds the magnetic com. , ^Seating a plurality of conductive segments that 



me magnetic core. , " « - r— — *v *«■ ***«*««-**»^ ^Biuuna u»i 

In one enibooiment, an mdnctor comrmse* a substrate ^ m ^^ cc ^^P^^^m^ conductive coiL 

comprising a semicoiiductor having a crystalHne stmcture, a BRIEF DESCRIPTION OF THE DRAWINGS 

magnetic core farmed on me substrate, a phinlity of paths ^ FIGS. 1A-1C nkstratc an cmbodimcrtt of an inductor m 

esrtendmg through the substrate, and a conductive coil accordance with the present invention, 

wc^ifarough, ihe rtfcraliry of paths and surrounding the FIGS. 2A-2C iUusrrate a substrate with^ plnraKtv of 

mamaetic core. The conmictive cofl is at least partially paths encoding through tbcsSbshW P Y 

Ch f SCd mto J^^ filnicto ' FIGS. 3>WC fllustrate the substrate of FIGS. 2A-2C 

In one embodiment, service comprises a suhsh^ and an so after a region of the substrate has been treated to form a 

inductive structure having an mductance of at least 1 naop- porous region* 

h C ury (uIO. Tlic inductive structure includes a magnetic core FIGS. 4A-4C illustrate the substrate of FIGS 3A^3C 

and is at least partially embedoed in the substrate. after the porous region has been S Z£S^££ 

In one cmbc<hincni l , an inductor ctrmpriscs a substrate, a material to form a magnetic core, 

mapje^corefurmede* « FIGS. 5A-SC iUustrate the substrate of FIGS 4A^4C 

paranelrows of conductive posts providing a phuality of afler the paths have been Med with a ccriductrVc material 

cunducrivc paths through the substrate, and a plurality of and inteicormccted to form a conductive cofl 
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HGS. <A-6C mnstrtc the substrate of FIGS. 2A-2C integrated circuit irWacturing processes ait: *~W,t to 

after a cavity Has been formed m z region of the substrate, wo* with substrates having a pair of relatively flatparalkl 

HGS. 7A-7C illustrate the substrate of HGS. 6A-6C snrtaces, the w of parallel surfaces may simplify the 

after the cavity has been filled with a ferromagnetic material mannfactpring process for foirning the inductor 100. 

to form a magnetic one, s The snhstrate UO has a plurality of paths 140 exten&na 

FIGS. *A-£C ilmstraie the substrate of FIGS* 7A-7C through the substrate 110. The paths 14t mtercooncct the top 

after the paths have been filkd with a conductive material sorftcc 120 and the bottom surface 130 of the substrate U0 

and interconnected to form a conductive covL The paths 140 can advantageously comprise boles, vias] 

FIGS. 9A-9C illustrate an embodiment of an inductor in n p^radons, or any other suitable paths that can be filled, 

accocdaDce with the present invention after the formation of Pegged, partially filed, partially pmgged, or lined with a 

two passivation layers around the inductor. conducting matcdai frt one embodiment, the plurality of 

FIG. 10 illustrates a top view of an embodiment of an ***** l4 ?J* substantially parallel to each other and are 

mductor^ortrpted circuit m accordance with the present f**l*»t»iry peipendiadar to the top surficcl^ and tome 

invention, bottom «wface 130 of the substrate 110. 

HG. 11 flhistratcs a block diagram of a system level to FIGS. M~1C, the paths 140 are Sled by a plurality of 

cmbodirncnt of the present invention, conductive posts 210. The cooductive porfs 210 are con- 

ductrvery interconnected by a plurality of conductive scg- 

DETAHJED DESCRIPTION OF THE m6m 220 located cm the top surface 120 and on trie bottom 

PREFERRED EMBODIMENTS OT surface 130 of the substrate U0, The conductive posts 210 

T7tf+ -i * ntw*»_ • . - - m and the conductive segments 220 arc interconnected to fouo 

an^r^r 1^ ^^X^ a thceeHinneaK^ conductive coil m winch is inters 

£r^!f£ ^^f?i m 7 CnbD ! L ven with the substrate ElOl Hm* the inductor 100 is at least 

FIG, IB i^tra^ ^/T* °* ^ lD * K ? or J" m Partially ernoedded in the substrate 110. TW of ordinary 

^'J^iS , ^"^i c««**ct*nal view of the aSullintheart winTmdcrstarxlthatthe 

S?5SiSi ^^^i^^^ 1 ^ 111 of the ctmductrve posts 210 or of th^^^veW^ 

the x^tcd ci^odnnerU, ^ inductor W is fabricated on 220 is not limited to any particular shape. For c*3* 

'j*^™ fr^embooamcnt, thesnbstrate U0 is rcctangnXar. square, circuLr! and San^abaie^r^ 

fabior^ed from a c^lrne matenal m an alternative suitable for use in connection wi& tbepreseni invention, 

embodiment, the substrate U0 is fabricated from a single- Trt Ae j^^, " 1*TT_^~^ A 

element doped or urjdoped semkcndnclor material sucbas 30 JJZ^^i «*°We posts 210 

•riK^rt ™- X™,«i3Tr£*w^ Tt7 wnflgttced m two substantially parallel rows. The rows 

^Tt ^f^TL~ fOTt £ r *B*°^*to*^* areiiit^nected by to item *********** 

™? ^ £^ fiom ^flmm arsoude fro* i sfltoon 220 Co form a plurality of foop^^s^f^a^sS 

' « conrinctrve coil 230 es not limited to any particular ceomet- 

TTiase of onUnaiy skill in the art will radorstand fcai ft, tic shape. For example, rcctangnlai; si^»an»S^ 

UO is not baited to » angle layer substrate, toops »re ^saiiflblefcru^mcoimection wilhlbc mracnt 

Mnl%le layer suhstrUcs, coattd <a partially coaled invention. "»«.«™«fOMi 

w ^ jumuH AW . mcreased. In one embodmient, for example, the inductor 

^addition, those of ordinary sldfl in the art wiH tmder- 100 preferably has an inAictani value w £ 

.stand that the substrate 110 may be the faimatioo ate for a 10 nanohemks (nH) to about 100 tmoohernje* inore 
v^ variety of mtt^Tndcircu&ar^ ^ preferably in the range of about 10 nH to about 100 nR 

to the moW 100. In one embo^nent, for FIGS. 2-9 illustrate the step-by^xep tWtion of the 

^f S, iS ^T** r?° " ^ ^e for the nriuctor 100 shown m HGS^lC^ngtvTX™ 

** a DyDamiC R4ad0m ^ inetbods. FIG- 2A fflnstrates « ffiS^ 
ta/twu»i qrgqn. cn&odimenl of the substrate U0 with a plurality of paths 
In another embodiment, the substrate 110 comprises a 55 140 extending through the substrate 110 FIG. 2B illustraies 
packag^wch as a ceramic paciage, for an electronic a top view of the substrate UO shown in FIG. 2A. FIG. 2C 
o^u».Tnis«a»bodnaieotalIb^ illustrates a oos^sectkmal view of the inductor 100 alone 
off-c^irKhwtors m accordance with the present mveudon, the hoe 2C—2C shown in FIG. 2A. The paths 140 Lite? 
By febneabng off<mp mdnctors in accordance with the connect the top surface 120 and the bottom surface 130 of 
present invention, the tabricaiion cost of the inductors is «w substrate 110. The distance between the top sur&ce 120 
advantageously reduced. and the bottom surface 130 of me substrate U0 b typically 
In FIGS. J^IC, the substrate U0 has a top surface 120 in the range of about 700 iniczometers (ten) to about SQOnm. 
and a bc^om surface m Those of otdicju^ Therexorc,0ierAtfis 140 tvr^cu^ 
will nnrieiTrfnnd that the top snr&cc 120 and tbe bottom of about 700 /an to about 800 jxn. 
sirface 130 are not limited to obhque surfaces. In one as Tnose of cnlinary sldU in the art will understand that the 
embodiment, the top STirface 120 and the bottom surface 130 paths 140 can be formed Using a variety of suitable pro- 
ate snbstantially parallel to one another- Because many cesses. For example, m a preferred enibodurieai. the paths 
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140 arc formed using any of a somber of wclHmown porous region 300 using a variety of suitable methods. For 

etching processes to otto anbodfments, a laser or a example, in occ embodiment, the ferrrmiagnctic material is 

iamond.dpped carbide ddU « used to create the paths 140. depend fa the porous region 300 S^e^SSw 

Riflfccnnorc, those of orfinaiy sfc^ m the art witt under- chemical vapor deposition (CVD) process. In other 

stand that too shape of the paths 14t is cot limited to any $ embodiments, rhc ferromagnetic material i$ deposited in the 

particular shape. For example, rfrcalar, square, rectangular; porous region 3H using well-known evaporation, 

and t rwnffllflr shapes are all snftahte for use in coiincction sputtering, lwi ablation, or electrochemical depoirion pco- 

wilh (he present ^ixventkm. cesses. The partkaOw method used to deposit the fcrramag- 

fn ooe einbodrrnent, the msidc of the paths 140 k lined or cctic material in the porous region 30Qmay ac^anlagcously 

partially lined with an electrically insulating layer (not 10 he selected based upon available deposition equrpmcrrL 

shown). The insukling layer may comprise a variety of In one cmbotfiment, the ferromagnetic material is depoa- 

suitable noncondiictive materia^ such as, for cxarnple, ited in the porous region 300 using a CVD proeessby 

f^Iyrmic^ftdieJectac.oran exposing the porous region 300 to utmpeflta^axbonyl vapor 

dxaide or silicon nitride. Tbe purpose of the msnlatrng layer in an oxichzmg atmosphere- In. light of .the, . present 

is to electrically isolate the conductive posts 210 from the disdosore, those of ordinary sbU in the ait can readily 

magnetic core 240 when these component* are formed. 15 determine suitable CVD parameters to achieve the desired 

FIGS. 3-5 ifrsfrute the step-by-step formation of the ferromagnetic material awnr^tron in a given reactor con* 
iacructor 100 shown in FIGS. 1A-1C using a first exemplary fi gu ration R>r exarrrple, in one configuration, the iron pen- 
process. Specifically, FIG. 3Ailhtstralcs an isometric view tacarbonyl vapor is decomposed at a temperature m the 
of the substrate 110 shown in FIGS. 2Ar-2C after a region of range of about 140° C to about 200" C, and a derwsirion 
the substrate 110 has been treated to form a parens region rate in the range of about $00 A/minnte to about 1400 
300. FIG. 3B illustrates a top view of the substrate 110 A/minute with an O a flow rate of about 60 standard cubic 
shown in FIG. 3A. FIG. 3C illustrates a cross-sectional view centimeters per minute (seem) and an At flow rate in the 
of the substrate 110 along (be hue 3C— 3C shown m FIG. range of about 40 seem to about $0 seem, 
3A. The location of the porous region 300 is selected such In another embodiment, tne ferromagnetic material coin- 
that the porous region 300 occupies the votnrne mat will be prises a gamma iron oxide fliTn which is fcoosfted in the 
enclosed by (he conceive coil 230 when it is ruHy formed, porous region 300 using a chemical vapor pyrolysis process, 
as described mmore detail below. A designer can designate If the temperature in the chemical vapor pyrolysis reactor 
the art* cn toe substrate UOm exceeds 500° C, then the gamma oxide film formed in the 
will be formed using coirvermonal prrotoliflcgraphy and x porous region 300 exhibits magnetic properties. Otherwise, 
rnasldng processes, die garjmiaoxme film t^ 

Once the area tor the porous region 300 has been not exhibit magnetic properties, 

de sjgnafrri , those of ordinary skill in the art will understand In another cintodirnent, the ferromagnetic material cou> 

tbat the porous region 300 can be formed using a variety of prises asprnel^ype fan oxide which can be deposited 
suitable processes. For example, m one embodiment, the & at low temperature by ECR rdasma^hanccd meJaloiganfc 

porous region 300 may be formed using a welttoiown chemical vapor deposition (MO CVD). Tne spinel-type iron 

anodic etching r^ocess. m another embodiment, the porous oxide film formed in (be porous regtou 300 advantageously 

region 300 may be formed nsrng a weU-known l»$er ablaW exhibit* nearly isotropic magnetic properties. 

p ^ CCSSl In another embodhncEt, the ferromagnetic material corn- 
In a preferred cmbodnnent, the pewona region 300 pen- ^ prises an amorphous iron oaAfe fiTm. Thf. fifa rm ^ f^j 
ctrates substantially the entire thickness of the substrate lit. in the porous region 300 by depositing iron in an oxygen 
"ITus corifigurarioa advantageously allows substantially the atmc^here by evaporaiiom Afcrruus oxide (FcO) powder is 
cnlmi volume enclosed by the conductive coil 230 to form evaporated in a vacuum contaming oxygen and having a 
the magnetic core 240 when toe fadiictor 100 is fully pressure in the range of about UT*twr to about 10" 4 torr 

^^J^iS^^^ P il y f 2T f * TS?? 6 45 m OTbodin *<* the ferromagnetic material is 

JffL ^?^ y *** utn * vcm ? p CDdoscd * ^ cep«^am the porous region 300 using a reactrve spnticr- 
mofea^e coal 230, the inductance value of the inductor mg process. An irrm (ft) ta^ 

repon 300 in an atmiphero cooking cerygen\mda 
HG.4Aflhistratcs an isometric view of the substrate 110 substantially inert gas, such as argon (MX at a high depo- 
shown in FIGS. 3A^3C after a rraromagnefac. material has so wfoo rate, such as a rate that is about ten times higher man 
been deposited in the porous region 300 to form the mag- the typical deposition rate. The sputtering process creates an 
w^coic240.nG.4BiTlrjsl^ alpha iron oxide film, which is convened to a magnetic 

110 shown in FIG. 4A_ FIG. 4C flbsrrates a cross-sectional gamma type by reducing the film in an atmosphere contam- 
vjew of toe substrate lit atoug the line 4C— 4C shown m ing hydrogen, 

FIG. 4A- Those of mdinary skxtt in the art wfll understand 55 In another embodimettt, the ferrornagnctic material is 
£at a vanety of ferromagnetic rnatcoals can be used to form deposttedm the porous regnm 300 using a direct 5^ 
tr^ rna^ti^onx m For «ciiirplc, m one emboomenl. a process. Hbt^iessedcor^ 

"T^^ about $1% nickel oxide (Fe^OJ arc used as the target iuTsjmttrL reactor. 

< Nl 7 ^^L 19 !^ 0 ^^P 08 ^ * a another embodiment, ^^^^^^1 

res^n 300 of the ^bstrale 110. ^e ir^uc material used « prises g^ion^xmTu^ wrncHe^^ed hT^ 
^ ^^ ^r^^i^ ^i^300usmgan^gK 

^^^^^^^^^^^^^Omay non oxide films are formed by introduce eithV 

acS^geousry be selected based on the desired inductance carbon dioxide with iron v/u^^J^^^ 

T™ - . . _ _ . ^ ^ as charge reactor at twrrperatom above about 'XXf C This 

In arMbon, those of Ordinary stall m the art wfll under- process creates amorphous ixon<rmlrimng and crystalline 

stand that the ferremagneuc material can be deposited in the iron oxide hlrr« having a part^ 
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la another embodiment, the ferromagnetic material com- pbry method Spedficalry, FIG, 6AxHu3tn0cs an isometric 
prises iron ooxieu^fenife&iDStWhxcbarc dcpasilcdmtbe view of the substrate 110 shown in FIGS. 2A-2C after a 
porous region 300 using a pulsed ruby laser evaporation cavity 400 has been formed in a region of the substrate 110. 
process. The properties of the films are affected by the FIG. SB illustrates a lop view of the substrate 110 shown id 
substrate tempcxahxrc and okygen partial pressure during s FIG. 6A. FIG. 6C uTttstratcs a cro^scctiDnal view of the 
deposition. Thus, the properties of the films can advanta- sohsfratc 110 along the Kne 6C— 6C shown b FIG. 6 A. The 
gconsly be controlled by adjusting the substrate karmeratnre location of the Cavity 40Q is selected such that the cavity 400 
and oxygen partiaJ pressure during deposition. occupies the volume thai wiH be enclosed by the ccurinetive 

In another embodiment, the ferromagnetic material com* coil 230 when it is fully formed, as described in more detail 
prises iron oxide films, which are deposited in the porous io below. A designer can designate tec area on the substrate U0 
region 300 using the plume generated by the exexmer laser in which the cavity 400 win be formed using coorciihooal 
ablation of polygenic methacrylaic, a rnetal<onUmingpoly- photolithography and masking processes, 
met. The iron oxide films deposited using this process Once the area for the cavity 400 has been designated, 
comprise iron-rich Fc 3 0* and alpha Fe^ those of ordinary doll in the art will 'urulen&nd that the 

In another embodiment, the ferromagnetic material com* 15 cavity 400 can be formed using a variety of suitable pro- 
prises FejO a and Ba^ntaimog iron oxide films which are cesses. For example* the cavity 400 may be formed using 
deposited in (he porous region 300 by ferri to plating with any of a number of welt-known etching processes, 
chelated bxgh-alkalme aqueous somtious. The Fc^Og and In a preferred embodiment, the cavity 400 is formed sncb 
Ba<ontainmg iron oxide films are formed from chelated that a layer 410 of the substrate 110 remains under the cavity 
high-alkaline aqueous solutions by fertile plating on me ™ 400. frcfcrably, the layer 410 has a thickness in the range of 
substrate 110, which is heated by lamp beams. The solubility about 20 /m to about 30 fJUXL A» discussed above, the 
Emit of me Ba-containing iron oxide films is about Ba/Fe- substrate typically has a thickness in the range of about 700 
0-16. ^ to about 800 pa*. Thus, the cavity 400 penetrates 

FIG. 5A illustrates an isometric view of the substrate U0 substantially the entire thickness of the substrate 110. 1ms 
shown m FIGS. 4A-4C after the conductive posts 210 and 25 ccuBguratkm advantageously allows substantially the entire 
the conductive segments 220 have been fabricated and volume enclosed by the conductive coil 230 to form the 
interconnected to form the conductive coil 230. FIG. 5B magnetic core 240 when the inductor 100 is fully fabricated, 
illustrates a top view of the substrate 110 shown in FIG, 5A. As discussed above, by forming the magnetic core 240 in 
FIG. 5C illustrates a cross-sectional view of (he substrate substantially the entire volume enclosed by the conductive 
110 akng the line SC— 5C shown in FIG. 5A Those of 30 ooil 230, the inductance value of the inductor 100 is advan- 
ordmary skill in the art wiH understand that the conductive tagcously increased. 

posts 210 and the conductive segments 220 can be fabricated FIG. 7Aillustrates an isometric view of the substrate HO 
from a wide variety of suitable conductive materials, such as shown in FIGS. 4A-4C after a ferromagnetic material has 
metals (t.Q„ aj W ar n a ij copper, gold, and the lite), aBoys, been deposited in (he cavity 400 Co form the cnagneric core 
doped polysilicon, metal suicides, and the hkc. In general, 35 240. FIG. 7B illustrates a top view of the substrate 110 
materials having a higher conductivity are preferred to shown in FIG. ?A. FIG 7C illustrates a eroes-sechonal view 
materials having a lower conductivity. of the substrate 110 along the line 7C— *C shown in FIG 

In one embodiment, the conductive material is used to fiU 7A. Those of ordinary stall in the art wQl understand that a 
or partially fill the paths 140 to form the phralxty of ^ variety of ferromagnetic materials can be used to form the 
conductive posts 210. In an alternative ernbedirnent, the magnetic core 240. For example, a material mmprising a 
conduccfrc coil 230 is parti ally diffnsed into the substrate polymer magnet or magnetic particles mixed in a polymer 
110. can be deposited in the cavity 400. The magnetic material 

ha one embodiment, each conductive pes* 210 and con- used to form the magnetic core 240 airccte the inductance of 
ductive segment 220 is febricatcd from a different condnc- 45 the inductor 100 when it h fuUy fabricated. Thus, the 
live materia]. Tbrs configuration is particularly advents- particular magnetic material used to farm the magnetic core 
geous because the properties of the ccrxmcfive coil 230 can 240 niay advantageously bo selected based on the desired 
be easily tuned mrough the selr^n of the various conduc- inductance value. 

tjvc materials* For example, the internal resistance of the In addition, those of ordinary drill in the art wiQ under- 
conductive coil 230 can be increased by selecting a material $0 <iartH that thr. frrmm^r^ r ^ H*pr*iii-H fa ?hf 

having a higher resistance for a particular conductive seg- cavity 400 using a variety of suitable processes. For 
meat 220 than the average resistance an the rest of the example, the ferromagnetic material can be cast or spin 
comdnctjve coil 230. coated to fill the cavity 400. Alternatively, the ferromagnetic 

In an alternate embodiment, two different conductive m ate ri al can be deposited in the cavity 400 using well- 
materials are selected for rahrmariog the co Defective coil 55 known chemical vapor deposition (CVD), evaporation, 
230. In this emlxxrhncnt, materials are selected based on srmaering, laser ablation, or electrochemical deposition pro- 
their conrpaiibility With the available integrated circuit cesses. Ttae particular process used to deporittfie ferromag- 
mamifariuring processes. For example, if it is difficult to DC *ic material in die cavity 400 may advantageously be 
create a barrier layer where the conductive coil 230 pierces selected based upon available deposition equipment, 
the substrate 110, then the condnctive posts 210 that pierce so h* one embodiment, the ferromagnetic material comprises 
the substrate 110 can be fabricated from arnmmun. On the micromaciunable magnetic polymer composites, which are 
other hand, if it is relatively easy to create a barrier layer for deposited in the cavity 400 using coouneicial polyimide 
the conductive segments 220 that interconnect the condnc- (Dupont Pl-2555) and ferrite magnetic powders, 
tive posts 210, then copper can be used for the conductive in another embodiment, the ferronugnetic material corn- 
segments 220. fis prises porymer^xnindrr^ core, which. Is deposited 

FIGS. 6-9 fflnstratp the step-by-step fonnarion of the in the cavity 400 by mixing spherical iron particles baring 
inductor 100 shown in FIGS. 1A-1C using a second exenv a size En the range of about 6 fan to about 10 ana with 2% 
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(by weight) of soluble imide. lie mixtu re is compression FK3. SC iBustrales a crass-section ai view of the substrate 

molded it a tcmpcxarnrc of about 300* C and At * pressure 11$ a*>ng the Hue SC — SC shown in FIG. 8A. As discussed 

oi about 131 me^aPascala (MPa). The mixture can be above with respect to FTGS. SA-5C, those of ordinary skill 

annealed at a temperature of about 960° C for a time period in the ait wjH understand that the conductive posts 210 and 

of about 6 hotua to afivanbgcoosly enhance the penucahiL'ty 5 the cccducrive segment; 220 can be fabricated from a wide 

in low field region. Variety of suitable conductive mafrrials, such as metals (eg,, 

In another embodiment, the femunagneik material com- aluminum, copper; gold, and tbe Kfcc), alloys, doped 

prizes monolayer aod multilayer ultrathin filer* ooxupoGcd of potyaKeoa, metal sfli c ides, and the Mkc, In general, maJe- 

nanosized iron oxide (FcgO^ particles and polyimide rials having a briber conductivity are prelerted to materials 

molecules, which are deposited in tbe cavity 400 using a 20 having a lower conductivity. 

Iayer-by-Jayer elecirosutic self-assembly process. Tho sub- In one embodiijienl, (he conductive maienal is used to fill 

strate is first dipped into an eoneous solution of an anionic or partially fill (he paths 140 to form the phxaltty of 

polyimide precursor (polyamfc acid sail, PAATEA), and conductive posts 210. In an alternative embodiment, the 

then dipped into an anucous of porucation polydiallydin> conductive coil 230 is partially dtfrused into the substrate 

e thylammooimn chloride (PDDA) which coat* on the nanos- is no. 

cafe Fe,0 4 as a stabB&ec. in one cmhndimr.pt, each conductive post 210 an! con- 

In another embodiment, the ferromagnetic material com- drctjvc segment 220 is fabricated from a different coodW 

prises a composite of Fc— Co with a amolymer of aniline live material. This configtrratidn is partkidarly advanta- 

fcurnaldehyde, which is deposited in the cavity 400 using geous because the properties of the conductive coil 2M c*u 

comical prcc*ssmg. 20 be easily toned through the selection of the various condiic- 

Jn another embodiment, the ferromagnetic material com- live materials. For example, the internal resistance of the 

prises tinnnlcEcamsisti^ conductive coH 230 can be increased by selecting a material 

nano-particlcs in a hydrocarbon matrix, which arc deposited bavins a higher resistance for a particular conductive seg- 

in the cavity 400 by the sputtering of cobalt sod the ment 220 than the average resistance in the rest of the 

polymerization of hydrocarbon. The process involves the 25 condnctfvc coil 230. 

sinmlianeous sputtering of cobaft and plasuaa-mdnced poly- in another embodiment, two diffcient conductive mated- 

trxuatum of hydrocarbon monomers, Tne cobalt nano- are selected for fabricating the conduenve coil 230. Id 

particles advantageously exhibil a hexagonal close-packed this embodiment, materials are selected based on their 

(bep) structure and are imrmrmly distributed throughout the conxpitfuhty with the available integrated circuit nianufac- 

amorphous hydrocMboo matrix, *° raring rnocesses. For example, if it ts difficult to create a 

In another embodiment, the ferromagnetic material com- barrier layer where the conductive coil 230 pierces the 

prises a polymer magnetic composite (PMG) composed of suhstnle IN*, then the conemetrvo posts 210 that pierce the 

telle powder, polymcc; and solvent substrate lit con be fabricated from Ahirwimtm. Ort rh* istfrfr 

In another embodiment, the frnomagnetfc material com- x hand; if it is relatively easy to create a barrier layer for the 
prises a composite material consisting of a thermopsastk conductive segments 220 mat mtereonnect the cooductive 
elastomer incorporated with iron powder and ructeWeon posts 210, then copper can be used tor tho conductive 
alloy powder segments 220. 

to another embodraent, the ferromagnetic material con> FIG. 9A illustrates an isometric view of an inductor 100 
priscsacomposiieofpolyamn^ ^ in accordance with the present mveation alter the formation 

in the cavity 400 nsrng a chemical method The saturation of two passivation layers 500 around the conductive coil 
magnetization of the material advantageously increases as 230. FIG. 9B flmstrates a top view of the inductor 100 
the reaction temperature and (he concentration of Fe$0 4 shown in HG. 9A. FIG. 9C illustrates a aos&secrional vkw 
solution increases. of the inductor 100 along the Kne 9C— 9C shown in FIG. 

In another embodiment, the reno magnetic material com- 45 9A. As illustrated, tne passivation layers 500 am formed on 
prises ferromagnetic particle composite (FFC) trims, which the mp surface 120 and on tbe bottom surface 130 of the 
am deposited m the cavity 400 using a conventional spin- substrate 110, The passivation layers 500 adVartfageou&ly 
coating method. The FPC films arc composed of polymers in protect the exposed portions of m* conductive ccal230 fom 
which very fine ferromagnetic particles are homogeneously moisture, contimfnatiory and physical <fai**g f- In »ftijifcn, 
dispersed, sq the passivation layets 500 electrically isolate the conductive 

By oep<KUhng the femxnaguctic materia] in the cavity 400 coil 230 from any crwdrtcn'ng layers deposited above (he 



using one of the processes discussed above or **jng any conductive coil i 
other suitable process, the magnetic core 240 is tnrmed. Those of ordinary skill in the ait will uoderstand that the 
Because the formation of the magnetic com 240 using tins passivation layers $00 may comprise a variety of suitable 
method involves low temperature materials, this method is 55 ncnccnductivo materials. The particular material for the 
particulady advantageous tor low-temrttraturc paclcagmg of passivation laycts 500 can tdvunttgeously be selected based 
laminated -panted circuit boards and silicon mterposers, upon the thermal budget requirement. For jk^-temperature 
Those of ordhwy skill in the art will understand that processing, for example, the passzvatioD layers 500 may 
rnterposcrs are used for mrnintm g semiconductor devices on comprise polymers such as Parylene and r>oIyrmide. For 
circuit boards* After the magnetic core 240 is mrmed, the top sn ordinary processing at high temperature, 00 the other hand, 
surface 120 of the substrate 110 is preferably microma- the passivation layers 500 may comprise inorganic oxide 
crnncd to provide a smooth surface. such as silicon dioxide, mtride, or the combination of these. 

FIG. 8A illustrates an isometric viewoftJbe substrate 110 FIG. 10 illustrates a top view of one cmbodirnent of an 
shown in FIGS. 7A-7C after the cimdnctive posts 210 and indnctor-coupled circuit 600 in accordance with the present 
the conductive segments 220 have been fabricated and gs invention. The iodectnr^oupled circuit 600 coup rises an 
urtereennccted to form the conductive coil 230. FIG. SB inductor 100 and a circuit 610 formed on a substrate lit. 
iUu&traies a top view of the substrate 110 shown in FIG. SA. Those of ordinary skill m the art wiH understand that the 
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circuit 610 can comprise a wide variety of suitable electronic % The inductor of claim 1, wherein said substrain \ 

curniH. In one earabcxinnent, for example, tbe arnnjt 610 prise* sibOun carfridf. 
comprises aphmUity of memory cells. The inductor 100 can 3. Tbe inductor of claim 1, wherein each of said plurality 

be fabricated usiog any of the processes described above or pf coodperfve posts and said plurality of conductive sef- 
using any oiher salable process. The fndnctor 100 is dec- 5 menk is fabricated fmm a different coatiicrive mMenfil 
trically ooupkd to the dtcok 610 by a plurality of condup- 4 Xbe inductor of claim 1, wherem each of said plurality 

d ™^J?? ™ tet^toWTbwof of conductive posts and said plurality of conductive scg- 

oufaujy skill m the art wffl understand that the cmnhmtive ^ ^ fe^;^ ^ ^ of ^ 0^^,^^ 
paths 620 can be formed turn a variety of conductive « A ^^i^ „<? *„ j. a 

HG. 11 illustrates a block diagram of a system level . . a * "T ^JT" w . . 
ombodimeiii of the present invention. A system TWO com* fonnmg a plurality of paths extending tlirough said sub- 
prises a pr o cess or 705 and a memory device 710, which ante; 

lrt^in^^c memory circuits and cells, electronic circuits, alec- forming a magnetic core in said substrate; 

tromc devices, and a power supply circuit 712 coupled to a is depositing a conductive material in said paths to form a 

plurality of inductors 100 of one or more of the types plurality of conductive posts; and 

described ^ ™* memory device 710 comprise* a a ptsnBy of cort*c<i7e segments Qui mter- 

processor 705 by an address bus 735, a data bus 740, and a 20 J 50 "* 

control bus 745. wherem said step of forming a magnetic core comprises: 

The processor 705, through tbe address bus 735, the data forming a pc*ou$ region in said substrate; and 

bus 740, and the control bus 745. crmimrmicates with the depositing a ferromagnetic material m sard porous 

memory device 710. In a read operation initiated by tbe „ rT ^ fT ^°- , . # . 

processor 70S. address information, data inrormatiori, and 25 *« mcthodof daim 5, wherem said step cftotming a 
contro i info rrnation are pro vided to the memory device 710 ph^ty of paths comprises forming two substantially par- 
through the address bus 735, the data bus 740, and the *Uel rows of paths extending through said substrate, 
control bos 745, respectively. This mfoxmation is decoded 7. Tbe method of claim 5, wherein said step of forming a 
by addressing circuitry 720, which includes a row decoder plurality of paths comprises using an etching process, 
and a column decoder, and read circuitry 730. Successful 30 8. The method of claim 5, wherem said step of fonning a 
completion of the read operation results in information from plurality of paths comprises using a laser, 
the memory array 715 being communicated to the jirocessor 9. The method of claim 5, wherein said step of miming a 
705 over the data bus 740. plurality of paths «m j prwA using a *flt 

Although the foregoing has been a desmSpriou and illus- ^ 10. The method of daim 5, wherem said step of forming 

(ration of specific embodiments of the invention, various a mamrerjc core comprises fawning a wm^m***- core in a 

rnodifteations and changes can be made thereto by persons region of said substrate bounded by said plurality of paths, 

skilled m me art, without IX Toe method of daim 5, wherein said step of forming 

of tbe invention as defined by the following clams. a porous region comprises using an anodic etching process. 

What is claimed is: ^ IX The method of daim 5, wherein said step of forming 

L An inductor composing: a porous region comprises using a laser ablation process, 

a substrate; 13. The method of daim 5, wherein said step of depos- 

a magnetic core embedded within said substrate; and iting a ferroma^tic material comprises o^sirmgPermat- 

a fkrc*dhaca&uaL conductive coil cotnprisiug a plural- metDod of c[llim 5 ^h^k said step of denes- 

ny of co nducive posts mtercotmccted by a plurality of « i^a Cerr^^ 

conductive segments, vapor deposition process, 

wherein said conductive coil surrounds said magnetic 15. Ihe rnethod of cOairn 5, wherein said step of depos- 

core>and itfng a conductive material in said paths compxises one of 

wherein said magnetic core comprises a porous region of _ filling or lining said paths with said conductive material 



said substrate having a ferromagnetic material depos- 
ited therein. 
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ABSTRACT 



High quality factor (Q) spiral and toroidal inductor and 
transformer are disclosed that are compatible with silicon 
very large scale integration (VLSI) processing, cossnmc a 
small IC arc*, and operate at high frequencies. The spiral 
inductor ha? a spiral metal coil deposited in a trench formed 
in a dielectric layer over a substrate. The metal cott is 
enclosed in ferromagnetic Hner and cap layers, and is 
< ?fl flne i C WJ to an n r jdcr pa g contact through a metal filled via 
in the dielectric bycr. The spiral inductor also includes 
ferromagnerie cores lines surrounded by (he metal spiral 
coO. A spiral transformer is formed by vertically stsctflng 
two spiral mdnctors, ox pUcing them side-by-side over a 
ferromagnetic bridge formed bck>w the metal coils and cores 
lines. The toroidal inductor includes a toroidal metal cofl 
with a core having ferromagnetic strips- The toroidal metal 
coH is segmented into two coQs each having a pair of ports 
to form a toroidal transformer. 
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1 

INTEGRATED CIRCUIT INDUCTOR 

This application is a division of application Ser. No. 
08/701,922 filed Aug. 23, 1996 Which application is SOW. 
allowed, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is directed to integrated circuit 
inductors and transformers, and methods for miking thereof, 
and more particularly, to spiral and toroidal in doctors and 
transformers having high quality factor Q. 

2. Discussion of the Prior Art 

Many digital and analog components and circuits have 
been successfully implemented in silicon (Si) based inte- 
grated circuits PCs). Such components include passive 
devices, such as resistors, capacitors, and inductors. 

Implementing high quality factor (Q) inductors that oper- 
ate el high radio frequencies (RFs) remain problematic in 
silicon based very large scale integration (VLSI) IC semi- 
conductor chips. For microwave and wireless communica- 
tions applications, it is desirable to integrate inductors and 
transformers moaclrthically on bulk silicon CSil silicon-on- 
insulator (SOI), or silkon-on-sapphizc (SOS) chips. For 
these applications, considerable innovation is necessary 
before adequate vahxes of inductance (L), as well as high 
quality-factor (Q), are obtained. The quality-factor (Q) is 
given by equation (l)c 

where, 

o> 0 center or resonant angular frequency of oscillation; 

U-indnctance; and 

Jtaesdstance. 

Most structures and methods used for fabricating high Q 
inductors and transformers in hybrid circuits, monolithic 
microwave integrated circuits (MMICs), or discrete appli- 
cations (e.g., it lamer dimensions, with better metals, on 
lossless substrates, etc.) are not readily compatible with 
silicon VLSI processing. The following references discuss 
conventional high Q inductor fabrication methods: 

I. R. Naster et aL, "Method for Fabricating Silicon-on- 

Sapptrire MonoKthio Microwave Integrated Circuits'*. 

US. Pat. No. 4,418,4™ (1933); 
Z R. Stengel and CL NejdJ, "Planar Inductors", US. Pat. 

No. 4,494,100 (1935); 

3. R. Scranton and D. Thompson, "Capaeitxvc Sensing 
Emploving Thin Film Inductors", US. Pat. No. 4,648, 
087 0987); 

4. J, Bhagat, Miniature Inductor for Integrated Circuits 
and Devices'', U.S, Pat. No. 5,070,317 (1991); 

5* N. Andoh et aL, Inductive Structures for Semiconduc- 
tor Integrated Circuits'', VS. Pat. No, 5,095,357 
(1992); 

6. A. Hubbard, "Integrated Circuit Inductor", US, Pat, 
No. 5,227,659 (1993); 

7. I. Saadat and M. Thomas, "Process for Making Micro- 
components Integrated Circuits", U.S. Pal. No. 5,279, 
988 (1994); and 

8. C. Ann et aL, "A Fully Integrated Planar Toroidal 
Inductor with a Mietomachined Nickel Iron Magnetic ■ 
Bar", IEEE Trans. Compon. Paclcag. Maouf. Tcchnol. A 
I7.«53 (1994). 



,990 

2 

Conventional inductois and transformers on *rili* VT TV 
which have strictly planar structures and arc fabricated with 
conventional silicon fabrication processes and material, suf- 
fer from several limitations, first, coaTcntional *hi m <m m 
s interconnect technology has a relatively high metal resistiv- 
ity and limited metal thickness, both of which lead to * 
relatively high resistance of the spiral cofl. The high resis- 
tivity R lowers the quality factor Q, as seen from equation 
(1). Second, magnetic fields are strongly coupled to the SI 
10 substrate, which is a lossy conductor with large skin depth. 
Induced currents in the Si substrate act to oppose those is the 
spiral coil of the inductor and thus reduce the inductance L 
Furthermore, energy b dissipated by the high resistivity of 
the Si substrate, which further decreases the qoahtyHbctor 
is Q. 

To dale, Q values for inductors nude by conventional 
methods arc significantly below those achievable on a 
printed circuit board, or on gallium atsemde (GaAs) sub- 
strates with gold (Ail) installation. Another problem is that 
20 high iorhictance values (L), as are required in RF chokes foe 
example, require a large silicon chip area. The targe area 
requirement prevents oiinialttrizatioD of chips. Id ^ffiifgn. 
physically large RF chokes cannot operate at high 
frequencies, where the short wavelengths necessitates pbyst- 
25 cally small and miniature components. 

To overcome some of the limitations of spiral inductors, 
toroidal inductees are used. Conventional multilevel inter- 
connect technology allows fabrication of solenoidal or tor- 
oidal inductor structures instead of an inductor having a 
» spiral configuration- Toroidal inductors have the benefit of 
oonfming the magnetic mix, thereby mirumizing substrate 
losses. However, conventional integrated toroidal inductors 
have comparably small inductance and Q values for a given 
silicon ansa, relative to the planar spiral inductor configu- 
ration. This is because the area enclosed by wire windings °f 
conventional toroidal inductors is janall due to the limit m 
vertical dimensions of the thin films used in conventional 
VLSI processing. 
In light of the foregoing, there is a need for high Q 
40 inductors and transformers suitable for integration in IC 
chips, such as VLSI IC chips. 

SUMMARY OF TOE INVENTION 

The object of the present invention is to provide high Q 
45 inductors and traosformers, and methods of making thereof, 
that eliminate the problems of couvcational indue*? ts and 
transformers. 

Another Object of the present invention s to provide high 
50 O inductors and transformers that are suitable for integration 
in VLSI IC chips, consume a small IC area, and operate al 
high frequencies. 

These and other objects of the inventions are achieved by 
a spiral inductor and a method of making thereof. The spiral 
$$ inductor comprises a substrate; a dielectric layer having a 
spiral trench; and a first spiral metal con formed in the spiral 
trench over the liner to increase an aspect ratio thereof. 

A ferromagnetic liner lines the bottom and Sides of the 
trench, and a cap layer may cap the first metal coQ so that 
50 the first spiral metal Coil is enclosed by the Cap and hner 
layers. In addition, an underpass contact is formed in the 
dielectric layer below one end of the first metal coQ. This 
one end of the first metal coil extends into a via formed in 
the dielectric layer to connect to the underpass contact. 
«5 Ferromagnetic core hoes are formed in a core surrounded 
by the first metal coiL These core lines axe electrically 
separated from each other. 
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la another embodiment of the present inventions, a sec- thin-fibo materials may be use* The inventive inductor* 

ond metal coil is formed in the dielectric layer. The second easily incorporated on VLSI integrated circuit 0Q chips. 

T^^Z^^U^l T?-? a Advantage of the invective inductor include the follow 

fcfiSKS^ f**^ 36 ^""^^,^ fog. First, use of the damascene ^ dual-damascene 

T^S^^v^!! ^ ^^ITr^i^- 5 P^ce^with a preferred (^igb^nd^ivUy) 

The ferromagnetic bridge may also be formed below the first « or—,.. ( ~m ft V rilveA .1VmT.K^*«r rfiw~-^LT7- 

SSSt^erT ^ Qb7B,C,C1 *" 10 ^"fS* and the low resistance mortal (eg, copper), 

t .k. „ 10 g»»«ly «<Jnoe inductor parasitic resistance R, thereby 
In the vertically stacked configuration, an overpass coq- increasing Q. 

taet may be formed in the dielectric layer above the second *a . a. „- ,-_ _ . „ 

eacn nave a pan of ports to form a spiral transformer. f M „. . . 7 7. 7. j 

a . r * . spiral inductor, as can readily be incorporated by the dam*. 

Another embodiment of the present irrvei^ons is a loroi- " $0cn6 iocR:Mt$ ^ pe^^ in the region 

<W rodnctor and a method of makmg thereot The toroidal enclosed by the inductor where the magnetic field * the 

"^fj ^™ * ^ V*^ J^formed over a largest This increase* the inductance L, which in mm 

substrate, and a toroidal metal oofl formed m the dielectric increases Q 

layer. ' _^ 

aTSfl^^^^ T^T^ ,tUt ^^^^^.rcorere^ofthemd^rstrSX. 

^SS^*?"* 1 ^^ rby ? e i ie!ec,n ? The ferromagnetic core is al*o beneficial in a transformer 

SZ^ESM^K!!?"? the first metal comprising two or more vertically stacked or 

!2 ? swondmctal *egm*i>«* »e clcctncally eide^y-dde spiral coils, because the fonomaenctic ewe 
^ ^ ^ f™*^ 6 * 1 meul segments 25 inc^ t fac mutual laLuncc between the <»KS 

^ ^ ™ *™*> * «-= bcreasing the parade capacitance, 

dielectric layer to connect opposing cods of the two metal _ , . * ... 

segment* to form the toroidMm^l coU in the dielectric J*£3& S^ZZ" *" * "EE* 0- 
l avcr tnc toroidal inductor stractmc so that the inductance is 

Inner and outer surfaces of the toroidal metal coil are lined 30 ^^f^^l^,^^^^^^- 

..jrt, . , _ ' * , „ * urvi ■■ wi» A toroidal transformer with a ferromagnetic core has the 

wtoi a ferromagnetic nuteftal Fenomagnettc material or advantage that the coils could be soacedapart laterally in 

^ps are formed ta * core defined surface of the ordeT^ rXe mTpt^ «p^^ ^en thent 

^er.w^H 6 ^^t^ « *?r** without sacrificing mutual iaduS^f&J^ ' 
from each other and from tfcc inner surface by the dielectric -r*»^ 

ky*> BKIEF DESCRIPTION OF THE DRAWINGS 

The spiral and toroidal inductors are Conned using a series Elii . - „ . . . ^ . . 

of damascene processed, as described in greater detail in and advanta^ of the mvenuon wfll 

U^. PaL Nos- ^^4™, botbto Chowela^ ^ om f m ?" ^J^ Xh Tl «^tion of the 

and \JS* PaL No, 4,944,836 to Beyeret al^ aQ assigned to ^ fo «^*^<^^^ 

IBM corporation and rn«rporated r^in by referc^ 40 ^1^^ ^r?" ^ ^7 

These damascene processes include etebwg trenches in the ?f ^ W ^ W L ^ ^ ** 

dieleetric, filEog the trenches with desired maierial/e.g., * " ^ dnwiDgS; 

metal or ferromagnetic, and planaritjng to remove excess wmcn. 

material regaining after the filling step FIGS. 1-3 show top and cross -sectional views of a 

The integrated spiral transformer on a silicon substrate, 45 *J* J according to the present fovea- 

which is formed by coordinating two spiral coils or indue* bon; 

tors in a vertically stacked or sufc-by^idc structure, has HGS. 4-6 show top and cross-sectional views of a 

undesirable capacitive conplmg. That is, coupling between damascene spiral transformer having vertically stacked spi- 

two ports of the spiral transformer, made from two spiral so ^ aOT "iing to the present invention; 

ioductors, is not only of an clcctromignctic type, as desired. FIGS. 7-8 show top and cross-sectional views of a 

In addition to the electromagnetic component of the cou- damascene spiral transformer having side-by-side spiral 

pHog between the two spiral transformer ports, there is also coik according to the present invention; 

a strong capaculve component as a result of the ^oietrkal FIGS. 9-U show top, partial tlire^Klixnensional, and 

arrangcrnent 55 cross-sectional views ef a damascene toroidal inductor with 

To reduce the capacitive coupling, another embodiment of an air core according to the present invention; and 

the presenf mvention, is an integrated toroidal transformer FIGS. 12-14 show top, partial thr^djEgnsjonai. and 

on a silicon substrate. A toroidal transformer is formed by cross-sectional views of a damascene toroidal transformer 

spuuing of segmenting the toroidal coil of the toroidal wiib a ferromagnetic core aocording to the present invenhon. 

inductor into two separate windings or coils, each having a <so ' 

pair of ports. This forms the toroidal transformer that has a DETAILED DESCRIPTION OF THE 

much less undesirable capacitive cross-coupling than the INVENTION 

spiral traasforroer. FIGS. 1-3 show lop and cara-sectional views Of a 

The inventive inductor structure includes slngle-aod mul- damascene copper/ferromagnetic spiral VLSI inductor 10, 
tilevel integrated inductor structures made by a metal 6S according to one embodiment of the present invention. Tbe 

(single) damascene and dual-damascene processes, for spiral inductor 10 is fabricated over a substrate 12, which 

example, with copper as the metal. Optional ferromagnetic may be silicon (Si), sUicooKm-insulator (SOI), or silicon- 
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on-sapphire (SOS)» for example A dielectric layer or Eha 14 metal deposition and CMP steps simultaneously form bodi 

is formed over the substrate 12. The substrate 12 b separated the via 26 and the metal line 16. A single damascene process 

from a metal line or coil 16 by the dielectric film 14. may also be used instead of the dual-damascene process, to 

«lwjratively. the metal 16 * copper (Ot), aluminum (Al), form the spiral metal coil 16 over a preformed via 26 and 

tin (Ti), gold (AuX &lvcr (Ag), or a combined alloy thereof. 5 underpasa contacts 22, 24 

Preferably, the meul 16 is copper Hie metal hoe 16 is TtvT-*— M .r<.v«u. „ 4M « ^ 

i^*npitewa^^ n^U»bGfo^ lu^: aspect ratio of The meul line IS substantially rc&uacs 

pt^wlucbuK^tte &tto^aep*: lugewrta vias % which tre filled with & meld having » 

(4) fitai2? ltpir to » iwisaace. subsuaiUlfy rstac the contact wivi, 

nun 14; resistances in the multiple-level spiral inductor 10. 

(b) depositing metal 16 in lie etched spiral trench 25; and A core comprising narrow dernmy-lincs 30 may be added 

(c) piiD arizing, t#., chemical-mechanical polishing 15 to the center region of the spiral inductor surrounded by the 
(CMP), the deposited metal 16 to remove excess me ul metal line 16, without using any additional process steps, 
from the wafer surface. For example, during the dielectric 14 etching step, trenches 

The metal depositing step conmriscs ckctrolytic or dec- are formed therein for both the metal line 16 and the 

trotess plating of a high conductivity metal, such as copper. ferromagnetic core fanes 30. 

gold, and silver, for example. Alternatively, the metal depos- 20 The step of depositing the ferromagnetic liner in the spiral 

iting step comprises chemical vapor deposition of a high trench to be Med with the metal coil 16 also fills the con 

conductivity metal, such as ahrffiirmrn for example. trenches to form the ferromagnetic core lines 30. 

A single damascene process refers to forming and filling Illustratively, these core trenches are narrow and parallel 

trenches, while a dual damascene process refers to simulta* to each other. The core trenches are narrow $0 that they 
neously forming trenches and vias, and fining thereof with 25 become nearly completely filled during the ferromagnetic 

a desired material liner fi[ m deposition step. This maximizes the permeability 

The trench 25 fabricated by the dual damascene process, of the core trenches. Thus volume-fraction, or the percent 

and consequently the metal hoe 16 filling the trench 25, have volume of the ferromagnetic material relative to the avail- 

a Urge aspect ratio. The aspect ratio of the metal line 16 is able volume, is high n the core hue$ 30\ and low in the much 

the ratio of thickness to width T/W of the metal line 16 30 wider spiral metal line windings 18, contact via 26, and 

where T is mJcxness and W is width- The metal line 16 underpass 22. This mimmifra the series resistance of the 

formed by this damascene process is thick. Urns having an inductor windings. The core hoes 30 are also separated 

increased aspect ratio. This reduces the resistance of the electrically by the d^lcctric layer 14, e.g., laminated; so that 

metal tine or coil 16, which increases the quality factor Q. £ddy currents cannot flow in the core lines 30. 

Illustratively, the thickness T of the metal line 16 is approxi- 35 As shown in FIGS. 4-6, in another embodiment of the 

mately 3 microns, and the width VY is approximately 3 present invention, two spiral coils or metal lines 16, 16 1 are 

microns or more. vertically stacked over each other to form a spiral trans- 

The CuKtaat-damasccne process enables substantial former SO. Tbe spiral transformer 50 has a pair of ports or 

series-resistance reduction compared to A!(CuyTi wiring contacts 22, 24, 80422*. 24', associated with the spiral metal 

(e.£ Eduction). This is due to an armroxirnatery 40% 40 lines 16, 16*, respectively. FIG. 5 is the cross-sectional view 

resistance reduction of copper and the larger aspect ratios of FIG. 4 along tines XX, PIG. 6 Is the cross-sectional view 

achieved with the damascene rwocess. of contact regions of FIG. 4 and is comparable to FIG. 2. 

Further, this damascene process allows addition of a hner Many features of the spiral transformer 50 are similar to 

film IS prior to metal 16 deposition step (b). The liner film that of the spiral inductor II. That is, each of the two spiral 

18 lines the bottom and sidewalls of the trench, and sepa- as coils 16, 16*' is formed by using similar steps which form 

rates the metal line 16 from the dielectric layer 14. Tbe similar elements 16-26 shown in FIGS. 1-3. As shown in 

inductance (L) per line length of the spiral inductor 10 is FIG. 6, the only difference is that element 22* refers to an 

increased by using a ferromagnetic material, such as overpass contact 24', instead of the unde rpas s contact 22, 

Permalloy, AINiCo, etc, for the liner film 18. and via 26* is located below the overpass contact 22' of the 

Next, a cap layer 20 (FIG. 1), which may be of the same 50 lower metal lines Iff, as compared to the via 26, which h 

ferromagnetic material as the finer 18, is formed over tbe top located above the underpass contact 22. 

of the metal line 16. This encloses the metal line 16 by tbe in an illustrative embodiment, after forming a first metal 

ferromagnetic material of the liner 18 and cap 20. coil 16' in a first spiral trench 2S etched in a first dielectric 

IQustntrvely, the cap layer 20 Is formed by ekctrc-jess layer 14', a second metal coil 16 is formed in a second spiral 

plating. The ferromagnetic hner and cap 18, 20 increase ihe ss trench 25 etched in a second dielectric layer 14. The second 

self~iexmc4an£&_ of the wire 16, thus increasing the total metal coil 16 is vertically stacked over and efcrtrfcalfy 

inductance I_ separated, by the dielectric layer 14, from the first metal coil 

The dual-damascene process b also used for the forma- 16'. 

turn of underpass contacts 22, 24 at the ends of the spin! As in tbe spiral inductor 10 of FIGS. 1-3. ferromagnetic 

metal line 16. The underpass contacts 22, 24 are located so core lines 30, which are parallel to each other for example, 

below the metal line 16, and are connected to the ends of the art formed io the oleleclric layer 14 in a core surrounded by 

spiral metal line 16 through metal filled vias, one of which the vertically stacked spiral coils 16, 16'. The ferromagnetic 

is shown in PIG. 2 as reference number 26. Illustratively, the core lines 30 improve electromagnetic couplin g between the 

underpass contacts 22, 24 are perpendicular to the metal tine vertically stacked spiral coils 16, 16* in the spiral transformer 

16. 6S structure 50, which is integrated on the substrate 12. The 

Banning tbe underpass contacts 22, 24 and vias 26 by this ferromagnetic core lines 30 Of the Spiral transformer 50 

dual-damascene process has the advantage that the same extend from the lop surface of the transformer 50 to reach a 
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depth tnihe dielectric layer I4> which depth is similar to the or lower dielectric | ayci t4. AdwiWamasccw Ou-processfc 
* **J"?** clcmc t nls l6 ' to 26 ** *«dtoformvias26andasetc*top trenches by selective!* 

FIGS. 7-8 show an alternative embodiment of a spiral etching the top dielectric layer 14'. Each vias 26 extends^ 
fransfonner 7t, c^pnang two spiral irxructors 10 of FIGS. cmc end of toe lower metal serious, 104. A separate via 26 
ii^ST 1 ^^T^' e.g.. ei^r aociinenUy or , is formed o*er each end of each fewer mctaj sceiiouToT 
sequentially, over the substrate 12. FIG. 7 is a top vjew of n,. ^1 Ja Z_ . ^.T i.^ . 

spial transformer 70, while FIG. Sua cxoss^ooal f^^^i™^ ^ *° 

view of FIG. 7 aim* line* YY\ Tnc sufc^y^Se^c^ * "^^J* IB * L ^ dc *^«^ m 

16, 16- of the transformer 70 woaaSSpam^fjoKM *F ^ Oi se^iis 110. FOUag d* vias 

30, 30", respectively. In this case, both spiral cofls 16, 16" rJL** 1 top llC|K » C5 wth forms toroidal coil bop* 
are preferably contacted through underpass contacts, which 10 . ^7™* w * «^ HPP« metal sections 104, 11^ and 
are similar to the underpass contact 22 shown in FIG. 2. A VMS ™° toroidal coil loop 102 has its top Co scctioa 
ferromagrietic bridge 72 is formed daring me fabrication U0 connected to an opposite end of an adjacent tower Cu 
process of those underpass contacts. The ferromagnetic 104. Inner surfaces of the toroidal coil loops 102 

bri4ge 72 is formed below and between adjacent portions of tfcfinc * core 120. 

the two spiral coils 16, 16*, and below the two ferromagnetic " Prior to this deposition of metal, the vias 26 and top 
co re lines 30, 30". The f e rro magn die bridge 72 increases the trenches may bo lined with a ferromagnetic liner Iff. A 
mutual inductance between the two spiral coils 16, 16*. ferromagnetic cap 2V may also be formed over the top Cu 
A second ferromagnetic bridge 74 may be provided to sections. This encloses the top Cu sections 110 m forromag- 
funhcr increase the mutual inductance between the two netic material. 

spiral coils 16, 16*. Hie second ferromagnetic bridge 74 20 Instead of having a dielectric core 120 between two Co 
may be formed ever the two spiral coils 16, 16" and sections 104. 110 and vies 26, ferromagnetic strip* may be 
ferromagnetic core lines 30, 30", for example, aligned with formed m the core 120. FIG. 13 shows ferrornagnetic strips 
the lower ferromagnetic bridge 72. By confining large 130 formed within the dielectric layer of the core 120. The 
portions of the magnetic fields external to the two spiral coils ferromagnetic strips 130 are preferably formed using a 
16, 16", these ferromagnetic bridges 72, 74 decouple the 75 damascene process end do not efectrically contact the metal 
transformer from the integrated circuit substrate. Such a sections 104, 110. Instead of the forromaguetie strips 130, a 
ferromagnetic bridge structure can also be applied to the ferromagnetic layer electrically iosnlated from the metal 
stacked transformer r ^jire 50 of FIGS. 4 and 5 and to the section 104, 110 may be formed, by the damascene process, 
smral inductor 10 of FIGS, 1-3 in order to reduce or restrain However, segmenting the ferromagnetic layer into the fer- 
tbe magnetic flux from entering the lossy silicon substrate. 30 romagnetic strip 130 prevents excessive Eddy currents. 

In another embodiment of the present invention, toroidal The damascene process fonning the fonomagrjetic layer 
mdnctor and transformer structures are formed by using a or ferromagnetic strips is similar to previously described 
similar fabrication process as described in connection with dainascene processes. That is, the top dielectric layer 14' is 
the spiral inductor 10 and transformers 50, 70 of FIGS. 1-S. formed over the lower as sections 104, trenches etched 
FIG..9 shows a top view of a dainascene toroidal inductor 3$ therein and lined wid ferromagnetic liner 18. Next, fem> 
100 having continuous loops 102 that am arranged to form magnetic material is deposited to fill the lined trenches, 
a square shaped toroidal ioefcetor 100. The loops 102 may Excess ferromagnetic material may be removed by 
also be arranged to form other shaped toroidal inductors, planarizing, eg., using CMP, and the ferrornagnetic filled 
such as rectangular or circular toroidal inductors. FIG. 10 trenches capped with a ferromagnetic cap 20. The feirotnax- 
shows a thit^mensional perspective view of one of the ao netic liner 18, cap $ and ferromagnetic material filling the 
loops 102, and FIG- 11 shows a eras-sectional view of a uenches may be identical That is the ferromagnetic strips 
partial foop 102. 130 may be forrned by filling the core trenches. 

As shown in FIGS, 10 and 11, the loop 102 has first or Alternatively, the ferromagnetic strips 130 may be formed 
lower metal, e.g., copper (Cu), sections 104 that are sepa- as follows. After forming a thin dielectric layer over the 
rated from each other. The lower Cu sections 104 are formed 45 lower Cu section 104, the ferroniagnedc layer is formed fo 
using a process similar to thai described in connection with the core 12a Selectively etching the ferromagnetic layer 
FIG. X That is, a planar spiral trench is formed, eg., etched, forms the ferromagneric strips 130 which are separated from 
in the dielectric layer 14, and metal deposited therein. Next, each other. 

the planar spiral metal is segmented, eg., portions thereof After forming the fcromjgne tic strips 130, the top dieleo 
etched, to form the separated metal segments or sections 50 trie layer 14' is formed thereon, (if not already present, eg., 

m c*« having a ferromagnetic layer instead of ferro- 

Prefcrably, instead of forming a single planar spiral magnetic strip 13), and using the dual-damascene 
trench, separated trenches are formed on the dielectric layer Ot-process described in connection with FIGS. 10, 11, the 
14 located above the substrate 12, and arc arranged adjacent metal filled vias 26 and top Cu sections 110 are formed to 
to each other to form a planar loop having a square, 55 close the toroidal coil loops 102, 
rectangular* circular or other shapes. The trenches axe filled The toroidal inductor 100 has a larger inductance than the 
with copper 104. Excess copper is removed by rrianarizing, spiral inductor 10 of FIG. 1. The schfeved inductance 
e.g., using CMP. enhancement of the toroidal inductor 100 is roughly equal to 

SimHu to FIG. 3, a ferromagnetic liner l* may be formed the relative permeability of the ferromagnetic material mul- 
at bottom and sides of the trenches prior to deposition of the so tiplied by the vc&me-fractiou it occupies in the core area, 
metal The ferromagnetic liner IS enhances the inductance This inductance enhancement is in the range of approxx- 
of the metal sections 104. A ferromagnetic rap 20 may also mately 50CMOO0O. The magnetic ftux is confined within roe 
be formed over the metal Sections 104. This encloses the dosed ferromagnetic core-loop 120 and does not Stray into 
metal sections 104 with the ferromagnetic liner 18 and caps the silicon substrate 12, as in the Case of the spiral inductor 
20 * «5 St«ctnrelOofFIG.l.Thisane^ 

Next another dielectric layer 14* is deposited over the inductance values and rcrhiccs the possibility for coupling 
capped racta! sections 104 and exposed portions of the first between adjacent inductors. 
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The toroidal inductor 100 having a ferromagnetic core has 
also advantages if designed as a transformer. FIG. 12 shows 
a toroidal transformed 150 where the metal loops 102 of 
FIG. * arc separated into two loops 155, 1*0, having ports 
X$% 170, rcspcaively. The fcrrornagnebe core or strips 130 s 
support a strong mutual inductive coupling between the 
ports 165, 370, while the lateral spacing 175 between 
adjacent bops can be sufficiently large to mmunize the 
parasitic capacitance. 

The spiral and toroidal inductors and transferrors may be 10 
integrated on semiconductor integrated chips QC$\ such as 
VLSI chjps. that include various other circuits and 
components* which may be active and passive devices, 
lluisrrativcly, the spiral and toroidal inductors and trans- 
formers are integrated monolitMcally ou bulk silicon (Si), is 
silicon-oo-msulator (SOI), or sflkorw>o-sappmre (SOS) 
chips. For example, such chips may operate at high radio' 
frequencies, and used in microwave and wireless commu- 
nications applications. 

The inventive spiral and toroid*! ixxhtctars md transform- 20 
em require small silicon chip area and have thick metal coils 
and interconnects, metals with large aspect ratio. Thus, 
the metal coils and interconnects have low resistance which 
increases the quality factor Q. Hie magnetic fields are 
confined in the ferromagnetic strips, thus reducing coupling 25 
of the magnetic fields to the Si substrate. This increases the 
raductance L and, consequently, (he quality factor Q. In 
addition, the confined magnetic fields reduce energy dissi- 
pation in the Si substrate, which prevents reduction in the 
quality factor Q. 30 

The laminar ferromagnetic core lines 30 (FIG. 1) of me 
spiral mdnctor/transfbrcDcr and strips 130 (FIG. 13) of tbe 
toroidal mdueAor/TMiMfftfi^^ frrthfr mar a^r tbr inductance 
L> by raising tbe mqgnfftKf* of the magnetic field in the core, 
to the spiral case, only a. small portion of the extensive 3$ 
magnetic field is coupled by the ferromagnetic lines 30, 
increasing the iridlictanoc Lby a factor of ap p r oximately 2 
f o the toroidal case, the ferromagnetic strip 130 increase L 
by up to approximately a factor of 10,000. 

In a specific example, spiral inductors with Q of 40 at 5.8 40 
GHz for a 1.4 oH inductor, and Q of 13 at 600 MHZ for an 
SO nH inductor has been achieved. These inductors have 
approximately 2x to 3x higher Q-factors than that of con- 
ventional silicon integrated inductors. 

While the invention has been particularly shown and 45 
described with respect to illustrative and preferred embodi- 
ments thereof, it wiQ pe understood by those skilled in tbe 
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art that tbe foregoing and other «**Tjgr5 in form and default 
may be made therein without departing from the spirit and 
scope of the invention which should be limited Only by tbe 
scope of the appended claims. 

Having thus described our invention, what we claim as 
new, and desire to secure by Letters Patent is: 

1- A method of forming a planar monolithic gf^*^w 
comprising the steps of: 

(a) forming a first dielectric; layer over a substrate; and 

(b) forming a toroidal metal coil in said first dkfccnic 
layer, wherein said toroidal metal coil is formed by 
forming a first trench in said first dielectric layer; 
departing a first metal in said first trench; segmenting 

said first metal to form first metal segments; 
forming a second dfelectrie layer over said first metal 

forming, in said second dielectric layer, Was over ends 
of said first metal segments, and a plurality of 
trenches between opposing vias of adjacent first 
metal segments; and 

depositing a second metal in said plurality of trenches 
and vias. 

2. The method of claim 1 further comprising forming 
ferromagnetic strips in a core defined by an inner surface of 
said toroidal metal coil 

3. the method of claim 1 further comprising sepa rating 
said toroidal metal coil into two toroidal metal coils, each 
having a pair of pons to act as a toroidal transformer. 

4 r A method of fcrmmfl> a planar ™"n"K > h tr inductor 
comprising the steps o£ 

(a) forming a first dielectric layer over a substrate; and 

(b) forming a toroidal metal coil in said first dielectric 
layer, wherein said toroidal metal coil is formed by 
forming a first set of trenches in said first defectrie 

layer; 

depositing a first metal in said first set of trenches to 
form metal segments; 

forming * second dielectric layer over said metal seg- 
ments; 

forming, in said second dielectric layer, vias over ends 
of said metal segments, and a second set of trenches 
between opposing vias of adjacent metal segments; 
and 

depositing a second metal in said second set of trenches 
and vias. 
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[571 ABSTRACT 

A multilayer printed circuit board (100) includes a plurality 
of layers (101, 102, 1041, 106. 108 and 110). Located within 
lflt nnnrriTaTr layer (106) is an inductor (200) which is 
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PRINTED CCRCOir BOARD INDUCTOR 

TECHNICAL FIELD 

This invention relates in general to electronic assemblies, 
and more specifically to aa inductor forced an a primed 
circuit board. 

BACKGROUND 

Electronic circuit designers mast constantly address the 
issue of interference such a$ radio frequency interference 
(RED and electromagnetic interference (EMI) watch affect 
the performance of the circuits which they design. Typical 
solutions to interference problems include separating ar- 
eata from one another in order to mimmjte interference,, 
placing metal "cans" over sensitive circuits or circuits which 
ate the generators of Interference signals (&g. f oscillator 
circuits, etc\). Another problem presented when designing 
electronic circuits such as radio circuits is minimizing the 
amount of hoard space required to implement a given circuit. 
Furthermore, in the case of some circuits such as filters and 20 
transmitter circuits, it is also importam to design cccoits 
which can be tuned or adjusted in order to overcome the 
c hanges in circuits due to component tolerance variations, 
etc. 

Cost is also a consideration. An inductor which is built ^ 
into the same printed circuit board as the rest of the tiremtjy 
reduces material does not add much cost to the 

m a nufa cturing cost of the electronic assembly. Another issue 
confronted by designers is coroponcnt tolerances. ThAm^ - 
make tolerance is a factor which influences circuit design 
and sometimes leads to high cost, tight tolerance inductors. 
Amin^cncr^ 

present invention can be cofisfnrcfcd inexpensively into a 
printed circuit board, using dimensions and Spacing that M 
ccedortn. tp the errant board manufacturers process limita- 
tions and bold tighter make tolerances than their discrete 
counterparts. Fanfaermore, there is a need in the art fin- an 
inductor which can be tunable and which can provide for 
improved studding against uiierfcrence. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a multilayer circuit board in 
accordance with the Invention. 

HO. 2 is an exploded view of some of the nrtcrmeolatc 45 
layer? of the multilayer circuit board shown in FIG. L 

FIG. 3 shows a tunable planar inductor having inductance 
adjustment means in accordance with the invention. 

FIG. 4 shows a tunable planar inductor having an elec- 
tronically adjustable mrhirtanrr in accordance with the 
invention. 

PEG. S shows an exploded view of similar intermediate 
layers as shown in FIG. 2, m this case using standard board 
construction techmoucs. 

HG. 6 shows another embodiment in which a printed 
circuit board inductor is shielded by a ground plane and a 
shield in accordance with the invention. 

FIGS. 7-9 show different printed circuit board inductors 
in accordance with the invention. 



60 



DETA ILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 



While the specification concludes with claims defining the 
features of the invention that are regarded as novel, it is ft 
believed that the invention will be better understood from a 
consideration of the following description m conjunction 



with the drawing figures. 

Referring to FIG. 1, there is shown a populated nuuhlayer 
printed circuit board 100 having a r*™^ circuit boaxrl 
mductor m accordance with the present invention. Muitv 
layer circuit board 100 as shown includes 6 layers 101, 10Z, 
104, 106, 108 and 110. Preferably, the Circuit board layers 
are formed from a glass rriirfbrced epoxy such as FR4w or 
other materials used to form printed circuit boards. The top 
surface of multilayer circuit board 100 is populated with a 
plurality of electronic components 112 as is well known in 
the art. Although FIG. 1 is shown as a six layer multilayer 
board cUfferent number of layers can be ocsigned fcr depend- 
ing on the particular design rcouircrncnts. 

In FIG. 2, an exploded view of some of the intermediate 
layers 104. 106 and WW of multilayer circuit board 100 arc 
shown, m accordance with the invention, a printed circuit 
inductor 200 is formed on layer 106. Inductor 200 is formed 
by imercwmectirjg nxuHIzaiiou patons 216 locaied on first 
surface 106a with metaUration patterns 21$ located on 
second surface 106B rising intexwnnection vias 214. The 
Was could be blind or buried, as would be the case for a 
sequentially laminated circuit board, or the vias could pen- 
etrate each layer of the circuit board as will be discussed in 
reference to FIG. 5. Inductor 200 as shown forms a multi- 
turn inductor having first 212 and second 206 terminals. In 
arxoidancc with one embodiment of the present invention, 
the inductor 200 is shielded against external int afcicn ce by 
ground planes 202 and 264 winch are located so as to be in 
alignment or registration with inductor 200 when layers 104, 
10$ and 108 are mated together. When layers 101-110 are 
lamina ted together to form the multilayer beard, ground 
planes 202 and 204 substantially overlay inductor 200, 
thereby providing inte rfe r en ce protection to the indnctot ' 
Ground plane 202 is formed by a ™*^r>»HVw> pattern 
located on first or top surface 104A of layer 104. Ground 
plane 204 is formed on the bottom or second surface 1D8B 
of layer 108. Metsffiamoo patterns 202 and 204 are elec- 
trically coupled to the multilayer circuit's ground potential 
usmg conventional runnecs (traces) and via interconnection 
techmqucs. In order to interconnect inductor 200 with other 
electronic components 112 located on rnultilayer board 100 
one or both terminals 212 and 206 are mtercoonecred to 
other layers of circuit board 100 using metallized vias. 1% 
example, terminal 212 can be electrically coupled to one of 
the upper layers 101 or 102 of ciront board 100 by prrMding 
a inctaGrzcd via 210 in order to interconnect Wa 212 mrougfa 
layer 104 and up to a predcterniined point on layer 101 or 
102. In order to avoid short circuiting via 210 to ground 
plane 202, a non-rnetatlized area 208 i$ provided between 
via 210 and ground plane 202. Preferably, the interconnec- 
tion vias 210 used to interconnect the mductor 200 located 
in the mtermcdiate layers of circuit board 100 arc kept as 
short as possible in order to rmmmize effecting the induc- 
tance value of indnrtor 200 as weft as prevent interference 
signals from emscring the circuit. 

Although ground planes 202 and 204 reduce the induc- 
tance value of inductor 200 slightly, tma change in induc- 
tance due to the shield can be compensated for by adjusting 
the dimensions of mductor 200. For example, the metalli* 
z alien runners 216, 218 can be decreased in width, the size 
of vias 214 can be decreased in size, more turn(s) can be 
added to the inductor, etc. Ground planes 202 although 
shown as not taking up the entire surface of the mtermedrate 
layers they reside on, could take substantially the entire 
surface of their coxrespc^dtng layers if needed to improve 



The overall area taken up to form inductor 200 is dictated 
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by the rernnred mnoc tan c e, the amount of cancel that the 
inductor will catty, tfao required Q (quality factor) of the 
iDduczor, and the minimum feature size available from the 
PCB vendor. A typical four turn coil would require an area 
of approximately 2-413 mfflimrter by 1.016 mflJimetcr 
using conventional primed circuit rnanuracturfng tech- 
niques, although smaller footprint? can be achieved using 
more expensive printed circuit board mannfac tpnng tech- 
niques. 

In order to save manufacturing costs* instead of using 
bhnd vias as shown in PEG. 2 which cost more to mamf^- 
tare, standard board construction can be used to manufacture 
the multilayer circuit board as shown m FIG. 5 in order to 
save costs. In PIG. 5, all the vias 508 shown go through alt 
the layers of the multilayer circuit board Including the 
intermediate layers 502, 504 and 50*. In the case of ground 
plane layers 502 and 504, the Was arc electrically Uolaied 
from the ground plana $10 and 512 by areas which sur- 
round each via 508 which are not pdatcd. Ground plane S10 
is located on me top surface of layer 502. while ground plane 
512 is located on the bottom surface of kye* 506 m order to 20 
isolate the ground planes from the traces 516. 

Although the inductor 200 shown in FIG. 2 has been 
shown as an equivalent of air wound coil having the printed 
circuit board as the dielectric, other forms of printed circuit 
inctactors can work with the present mvcctW Such as, 25 
inductors which are formed on one surface of the printed 
circuit board using no vias, other inductors which use two or 
more major surfaces of substrates to form, inductors which 
are straight lines or have other shapes, etc. In FIGS. 7-9 
some other different printed circuit board inductors which 30 
can be used with the present invention are shown. HQ. 7 
auows a straight line inductor bavins traces 702 on top 
surface and trace portions 704 on the tattom surface which 
are mtercounccted by vias 706. In FIG. 8, a single surface 
winding inductor which is formed by trace sections 802 35 
which are mlercramccted by serial ***n~*f»g vias 804 is 
shown, hi FIG. 9, a dual surface inductor is shown having 
section 902 on the top surface and trace sections 904 on the 
bottom surmce. Other types of mductor shapes and designs 
. other than those shown can also be utilized. 

When manufacturing electronic circuit boards, such as 
i^o frequency circuits, it is Gcractime* required to tune the 
circuits during the manufacturing process. This is typically 
caused by component tolerance differences round between 
circuit boards due to variations between electronic compo- 
nents. In FIG. 3, a tunable printed circuit inductor 300 in 
accordance with another embodiment of the invention is 
shown. Inductor 300 Includes a plurality of interconnection 
vias 30* which electrically mtercounect top runners 309 
with bottom runners 310. Inductor 300 includes two end 
terminals 302 and 304. In this crnbodimeot. inductor 300 
includes one or more iiuinctance adjustment means which 
can take the form of metallized runners or trinunahle regis- 
tors 31* and 31& Inductance adjustment runners 31* and 3S 
318 arc metallized runners which short some of the turns of 
mductor 300. In older to increase the inAwftracg value of 
mductor 300, one or more of the adjustment runners 316 are 
cut using weQ known laser trimming equipment or by 
simply mechanically cutting one or both runners 31*, 318. & 
Instead of metal&ed rennets, laser trimmable resistors as 
law wn in the art having appropriate resistance values can be 
used, and trimmed in order to adjust the inductance value of 
inductor 200. 

A* shown in FIG. 3, with both inductance adjustment 65 
runners in place, inducto r 300 forms a 236 turn coil with its 
tisminal* being 302 and 312. If runner 31* is cut, the 



40 



50 



mdi«or becomes a 3Ktura 

and 3 14. Finally, if both of the in due Lance srQus&ncat 
runners 31* and 31S are cut, the inductee becomes a^tnm 
coil, wftb tcrrninals 302 arjd304.&K^tor300cc^benssd ; 
for example m a radio cransmitierclrati wherein me power 
output cf u^ n^nsmulcr could be adjusted during mamifi*> 
tnng by t rurUTPrtg One Or more of the inrfnrraiir* *4f ti ifu n ^ 

numem. If the vias 312, 314, and 304 where spaced appro* 
priatdy, me runners 31* and 318 could be replaced wife 
resistors, or zero ohm jumpers if desired, to decrease me 
inductance again. 

FIG. 4 shows a mnahle iftdnctor or coil 400 having am 
eltcuuuicaDy adjustable inductance vjih^^n^ Ht^ m b p** 
with the invention. Instead of using m-iara™^ ro a m 3hf 
and 31$ as shown in FIG. 3 in order to adjust ttemduaanee 
value, in FIG. 4, a transistor 408 such as a field-effect 
transistor (PET), bijsolar junction transistor <BJT) or other 
type of ap propr i a t e transistor as known in the art is used te 
automatically switch the inductance value of inductor 400; 
Transistor 40$ is located between two adjacent rums of the 
printed circuit induaor 400. Transistor 400 is either in a first 
state where vias 40* and 404 are shorted together or in a 
second state where the transistor is open and there is no 
direct connection between vias 40* and 404. En me first state 
iDdscur 460 acts as a M mm coO, while when transistor 
408 is in the second state coil 400 acts as a 4ft mm coQ. 

Transistor 408 is switched fiom the first stale m the 
second state by a control signal sent via line 410. The control 
signal can be generated by a number of conventional hard- 
ware circuits such as a microprocessor or other type of 
hardware circuit EfcctranicaUy tunable coS 400 provides 
the ability of adjusting uV ifvfw^^y^ yaJnf 1\f <" t<mflftr 400 

even when inductor 400 U formed within intermediate layers 
of a nmltftayer circuit board as shown m FFG. 1. This 
provides the or^wrturriry of having an ify^n^y me aled 
witlnnamulnlayerqucuh 

to FIG. 1 and still be able to adjust la j**™^nr- valne. 
E t^uvu lcafly tunable inductor 400 can be used for many 
decmaroc circuits whext a tunable inductor is required. Fox 
example, in radio transmitter circuits in order to adjust the 
power OTixput level etc 

In FIG. *, another em^odmicntof tbc present mvectuMm 
which a printed circuit board inductor *02 is sMdrkd by a 
ground plane 60S and a shield 610 is shown. In cms 
ernbo fKmoit. a printed circuit board inductor is formed on 
substrate *Q4 smite to that shown in FIG: 2. A second 
substrate 60* having a ground plane *Q8 etched on the 
bottom layer is attached to the first substrate 604. And a 
shield such as a metal can 610 is attached to the top layer of 
substrate 604 in order to fully shield inductor *Q2 fiura 
inference. Inductor 602 can include the inductance T™mfl 
means previously discussed if tuning is a requirement- 

Ih summary, the present invention provides fora shielded 
planar inductor which can be used in environments were a 
shielded inductor is recmired, such as in racfio frequency 
circuit applications. By locating the inductor within the 
rateraediate layers of a multi-layer circuit board, board 
space on the top surface of the multi-layer circuit board is 
conserved Pot other electronic components. In another 
aspea of tne prtsesn m ve^ 

inductor 300 or 400 includes an inductance tuning means 
such as metallized runners 31*, 318, an electronic switching 
device 408, or other means in order to adjust the inductance 
value. The electronically tunable mductor shown in FIG. 4 
can also te formed within intermediate layers of a mnltilayei 
circuit board hi order to conserve board space and als o to 
allow the mAictor to be shielded if required. 
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What is claimed is; 

1 M electronic assembly, comprW: 
a m^ycr circuit board inclu^'fir* , . 

state layer a£X SE£SL Cf ,* e ,ecOQd ««>* 
when die etoetronic ,wta, Tk t^^f* >ec ¥alue 

surfaces which an. t..,- i • second major 

may or .SKdSf bteiaedlale »y » 

«nd second najorflS: wterne ^ laviflg fca 
a *e»od ground plan* located oaths n^i . 

5. An assembly, comprising: 



10 



15 



25 



* first substrata 
Sli !^ X ? aa :. adjaSW5CDl counted bctm*. i*„ rf 

, !^*^^«» * a second vatee. IDMaan * . 
«. Ajj assembly as defined in claim 5 ^ ._, 

law* adjustment mJTTlZ s ' whetdq tfae jodae- 

hsssssehSS?* 158 

in the second «aie, 1 ^™««*n3mc switch 1$ 
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In an exemplary ewbediment of the disclosed transformer. 
Ibe transformer comprise* a dielectric area. For example, me 
dielectric area can consist of thiec different dielectric layers. 
Abo, by way of example, me dielectric area can comprise 
silicon dmxide or a Ipw4t tfekctric. According to the 
exemplary embodiment,, the dielectric axea is tnlexspersed 
with a permeability conversion material. The pcnncabOity 
coovecsion material has a permeabfliry Wgber than tbc 
permeability of the dielectric area. For example* me perme- 
ability conversioa material can be mcfeel, iron, nickel-iron 
aBoy, or magnetic oxide. The exemplary embodiment fur- 
ther comprises a firel oooductor aixi also a secood conductor 
patterned into the dielectric area. The fiist aocVor the second 
coodncior can comprise copper, ahummim, or a copper- 
ajuminum alloy. Each of me first and second conductoo are 
made up of a number of turns which result in, respectively, 
the primary and secondary friodmgs of tbc exemplary 
disclosed transformer 

19 Claims, 5 Drawing Sheets 
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ON-CHIP TRANSFORMERS orcvit io a *erDieondn*or chip required a square spiral 

inductor wiLh a value of 30 parjo-beorys aod i Cibrkalipo 

BACKGROUND OF THE INVENTION P<occss with a roc* a] pitch of 5.0 microns ts used, the 

. ^.w , inductor would require 17 metal turns and would have a 

1. FitUofibcfnvemioii 5 spj ral diameter of approximately 217 micros M such, even 
Tbc present bvwitoji fc> generally in toe field fabrica- * 30 *«»o-bcnry convent ionaJ on-chip inductor would 

hoo of electronic circuit oomponcnb, la particular, the require a considerable amount of chip space. 

preoot invention is io (be field of fabrication oftransWicrs for the square spiral on-chip inrhsctor in our example, for 

used id ^ctromccucuits. a given spiral aiar^, i^a^o^ * pnpoabmS* o* 

2. Background Art 10 where nisihe number of metal tuna. Tucrcfoce. tj* haA^ 
It is known b fbc an thai Uxre is an cvcr-prescol demand ***** 010 increased by increasing the Dumber of turns, 

for decreasing electronic circuit component sizes and gpom- However, as tbc nunabcr of metal turns increases, tbc overall 

etries. Toe ocmaod is fueled, in large part, by tbc consumers' reseaanccof tbc metal turns wiUa^iaaeasc-Tbcmcrease 

desire for ever-smaller communication and information pm- w ovm ^ resistance of the inductor will decrease the 

ee&stog device*, such as cellular telephones, Upton 15 ?**bry (actor of the inductor. Thus, if the on-chip inductor 

computers, and band-bold information assistants. Tbc in our example were coupled with another similar on-chip 

require meet to decrease ibe size of these consumer commu- mductor to create a txansforrnet; there would be a significant 

nication and information processing devices has resulted, ertCT E v loss in the transformer. 

among other things, in a need to reduce the size of the Turning attention again to off-chip arafornwrs, a dis- 

etectmajc components these devices contain. As a result, off-ofaip) transformer ako rerniircs relatively long 

semicoodhictor device sizes and geometries have decreased off-chip wires and mteroonoect lines to connect the trans- 

drarnabcalry, with each unit area of the semiconductor die former terminals to on-chip devices. The relatively loo* 

supplying greater computing power and functionality, 'lnis off-chip wires and interconnect hues result in added and 

has resulted in Ultra Large Scale Integration (VLSI) chips « unwanted resfcUoce, capacitance, and inductance Energy 

containing over a million components per chip. However, ^^d be lost due to this unwanted resistance, car^acitance, 

t^lraosformer, an off-chip ckctrocic component, has not *od inductance. ArkKtionaDy. the interconnects for off-chip 

benefited from this dramatic decrease in size, transformers are subject in long-term damage from 

The discrete off-chip rjaosfonner suffers from various vibration, corrosioo, cbemieai contamination, oxidation, aod 
dfcanVmtages not shared by on-chip electronic components, y, otbcr f bcn ^ c * J physical forces. Exposure to vfbrabon, 

Tbc off-chip transformer eventually goes through a wire corrosion, chemical contammation. Oxidation, and other 

bond for connection to on-chip drcuitry. Tbe off-chip trans- chemical aod physical forces results in lower long-term 

former also requires assembly of at least two compooeots nthabttity for off-chip transformers. 

(Le. ite cb^iBelf and the off-chip transformer). Toe Surfaee^noopt packages that integrate both isolation 
r^^^tr ZluZ* " ^ c f n P°° < ? fc& *<nxmccs ^ £wsfom^ and com^ 

crxrespoortng reliability issues arjd also results in a greater footprint as discrete trans/orrner-^Kily products have been 

m used to optimize board hyoru by allowing more function- 

"y^7« wcfD^roiino% aluy in the same amount of space. This approach has been 

bally of two cross-coupfcd indnctors. The magnetic con- neiaasiuted by the ever higher density requireincois of 
pling between the two ioooctors is called ramaal todoctance, m telephony and networking devices such as ISP&, 

Discrete inductors arc typically coils wound around a com- nrattipicxers, wide area networks (WANS), tmcrnctworkum 

moo core. The quality factor C*Q") of an inductor is deter- interfaces, digital access and cross connect systems (DACS). 

mined by Q-L/R, wbere L is the mebctante and R is the channel banks and cellular base stations* Although mis is an 

resistance inherent in the indnctor. A relatively low quality important step in meeting the need for reduced-size 
factor Signifies a relatively high energy loss. Since it is 45 transformers, these modules are still discrete devices. Tbcy 

desirable to have a large quality factor in an mductor, it is require board assembly; with its attendant manufactur- 

dcsiraMe to have a large quality factor in each of the m S cost and rcuabffify issues. 

bTelSer^^ Planar-transformer technology is another attempt at 

o^^S^L^ It?™* W n f m ^ trar^xmcr size. In this technology, multiple layers 

^ "active resistances. « of a multilayer rented circmt board are sand- 

Ibe problems encountered when attempting to mcrcasc wiched together to form the transformer windings. The core 

inductance or reduce resistance can be illustrated by using 2s formed m two sections that reside on the top and bottom 

uic example of an on-chip square spiral inductor. Such an of sandwiched windings- This technology reduces the irans- 

tnducinr is disclosed in a co-pending United States patent former size and provides adequate unii-io-onii repeatabaiiv 
application entitled -Method for Fabrication of On-Chip ss However, as with surface mount packageT planar- 

tT^A^ ^^<f»*>" No filed transformers are discrete devices V^T^ fZd 

Jul. 28, 2000, and assumed to the arxignee of the present assembly. - 

S^Z^t^tZ t^ 1 ^" PC " d ?f *™!r lkM « T " Wants' knowledge, there are no known attempts to 

&wei>y mcurporatuJ fully by reference into the present fabricate on-chip trajKformcrs. However even jrT.JST.n 

appltcat As discussed in that co-pending application, the <o attempt were a^t^^^^u 

iDductance ol a convent^ on^htp square spiral inductor transformer ins^Tthe XSLS SK^JmS* 

caq be increased by urcreasmg the spiral diameter of the known techniques. Some of the reasons fcTthl M^XZ 

On^mp i«Jl^rUowever,sucban increase would make the include tbe tS^JC^S^otSc^^ 

convenuonalon^hip indnaoreven largerand would reo^ or^hip inductots with £ uSnlt v^ues £ uTJTa 

even mere chip space. H« example, typical inductor values *s Uar^ormcr winding Is ^T^uTZ The 

for a sq ua re spiral M in mixed signal circuit, and inductor is too iarge\^ W of ^ 

.« Ri. nppltdl*- rang, from I to 100 uano-henry. If a reasons for the ^ .^e orcor^n^Tor^ 
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wen: discussed above. Thus, the individual iixkicn^ -™ j.yt . r 

limits tbc use of oa^hip ^ctofTl^d l^Z t T°! V*^** dbcusscd in the present 

forays for RF and m'xed S ciS^S^ ^ "S?"" * * 

inductor's quality factor woaWbe te^ll^ 7*°,^ J*** ^f* 55 "* * «*' *« "> cbGOirc tbc 

oTtnT^ * — W metal S^XS^ 5 S^^^^^^-^ 
tf^™*^tnecoaespoodmgfo^ ™ . . , 

of (be inductor results in a lower quality factor . draww S* » « present ipphcatioo and their accom- 

^^fcancedintbeaitfora transformer that h» ffi!^ w to «c«ly o wmple 

a small size, high quality factor ind^^di^l^ 10 H ?* To maintain brevity, other 

costive! JwbZ^^t ^^r^ 15 ?^ ~ *»f**kfrf«be 

— k ^raygra. present application and are not specifically illustrated by the 
SUMMARY OF THE INVENTION P^ul drawings. 

T}*^ action is *re«cd to oo<hip « — Sta^^ 
Z^if^T 1 ! mveuatxoo <^)oses a trai*lbimer which has a embedment's transformer, whose pe™e<trve vjeVuOb 

wir^ is rcuabJe, *W infiG. t ™ nidfor flh^tS^^r^ 
^<fl^Dve.^nd wh*A does not requim connections other wofds, FIG. 1 does not depict (he SZS of 
tWgh olWno wtres ox ofrchip miercoonect lines, ^ viric^.i^^anddotanotsZ^ 

10 an exemplary embodiment of tbc iuvcotioe's and depths of various ciemecte and is not drawn to *cak 
traosronDcr, me transformer comprises a dielectric area. For tlG - 1 shows only a section of the invention'* trans-' 

example, the dielectric aiea can consist of thme different fofm f- HG.2A shows a top view 200 of the mvemWs 
oieiectoc layers. Abo, by way of example, the diekctric an;* ^^stormer corresponding to perspective view 100 of the 
can comprise silicon dioxide or a fow-k dielectric Accord- 25 S * XDG transformer shown in FIG. 1. FIG. 2B shows cross- 
tng to the exemplary embodimen!, the tfefoctric area is sectional view 210 along hue B — B of FIG. 2A of the same 
mteispwsed with a permeability conversion material The traasforaw while FIG. 2C shows cross«cti6nal view 220 
permeability conversion material has a permeability higher akH, S ,in * C ~C of FIG. 2A of thai same transformer. As 
*^J~™Wky .of ibediefcetrfcarea. toexamph^ the FIGS. 1,ZA, 2B, and 2C depict various views of the 

permeability conversion material can be nickel, 1100, oidwl. « same exemplary cmbodiroeot of tbc tavcnijoo's transformer 
uona^y, or magnetic o^de. * In FK5. l„ the primary winding of tbc invention's 

The exemplary embodiment of me invention's nans, transformer, also called a "first condector in the present 
tormer further comprises a first conductor and also a second Wbcadon, e referred to generally by numeral 174 In the 
coodnctorpatiemed into the dielectric area. Tbc first aud/br exafl » te > primary winding 174 consists of a number 

me second conductor can comprise, for example, copper. Jtf ?! tnras " up of segmeuts 101, 103L 105w 107 109 

second condoctois are made up of a number of turns which s ? oonda 0' wmding of the mvemk»* s transformer, also 

result in, respecdvely F the primary and secondary wilding* calkd a "«ond conductor" m tbc present applkalion, is 
of the exemplary embodimeot of the invention's trans- refcmiU 10 ^ocrally by numeral 176. In mo^Iesent 
Uxmcr ' 40 example, secondary winding 176 consists of 1 number of 

turns" made up of segments 133 135 137 11% « 41 «m 
BRIEF OESCWPnON OF THE DRAWINGS 147, 149, tflOsTand iS! * ^ 

FIG. 1 ulustraiesapeispcctrve vkwof ancrnbe^imentof t^tT^^fi i 74 5egmtnt5 10l « 107. 
the inveniioo's transformer. ™»unenrot 109, Ul. 113, US, 117, 119, 121, 123, 12S, 127, 129, and 

FIG. 2A illustrates a top view of the embodiment of the * lis M 'gTS? ^ *?* D * ^ m > 

mventk>a*s transformer shown in FIG. 1. ™ in, T^^^ "1* ^oonnect metal seg- 

HG.2, mns^tesa <x W «eotJ I v^ the line Sar^^ 

Sor^lwt^f^ * lbC HI, 143^ ^9, 151^°^^ ca^ouS? 

FtT^i^J 50 £ ^^nts 1351 m 143, 147. 151, t£i H 

r^ ifn^JTr 11 u c ™5s-scctional view along tbc line ^ mtercoonect metal segments 133. 137, 141, 145, 149. 
C— C m FIG. 2A of the embodiment of the Invention's 

transformer shown in FIG. 1. a* <n*i*A ox™«. m*- -»a 

tr^ 4^1. . , . 'vs stated above, FIG. 2A represents top view 260 of the 

HO. 3 illustrates a top vicwof another embodiment of the invention's transformer whose perspective view 100 was 

invention s transfonner. SS shown uj FIG. I. As Such, dielectric layer 260 in FIG. 2A 

FIG. 4 inusiraies T perspective view of yet another ^"cspiwick to dielectric layer 160 in FIG. I. As stated 

embodiment of the invention # s transformer. «^nre, FIGS. 2B and 2C show two different cttim-seoiooal 

viewR2|Oarxl220cx)rresawrim"rtt^to 100 of 

OETAII £D DKSClUPnoN OF THE mc invention's transformer shown in H(J. L As seen in FIG 

INVENTION ^cross-sectfooal view2l0 m WG. 2B is taken along line 

^llcd i„ ifae , rt win nxx^nia: Oui .be Zt^^ K "F»0.2Co«^^ to «li e lecute layer 
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K»aaK h S,!i ^^^^^^ b refcmd toby no— eral 
PIG- 2C correspond to dfcfcctric hverlS ;Tfu^ i ™ pre ?? cmb «* n *<a of «be invention, thickness 

"farod to as a "dielectric are," io U* pre«nt^£S« < IT £f£?!!L^ » of dielectric 

appiicatroc poseur patent s ")*^*Mis a*o between arrronmatdy 1,000 and 30,000 

At* , to the present dcbodimenfa 0 f lbe ^^^^^'^"^ ^ »nd 282 nay vary 

as in oiner embodiments act discussed hoST Vi^. ^^ Z . 600 S00 P C of the present invention. 

trie layer above dfeleett- layer 2» Oetoaricl^t^ fS^ES^iT 280 .» n0 - 28 *» ** P««*« 

can east below dielectric layer 2^»SSS? » r*°iT? t * *° mvenl,on - 280 of dielectric 

Uyer 26. are not s^iX^^^ «^L^ * btttVB ! D S^S^ ^ 6 -°°° An 8" 

application 10 preserve simplicity. NeveXfcss^ST a^llow^tbjck^^m^ v ^ witbomde^D« 

trwbyeraareknowotoajieJSOiiofofdiBafy^mdwMt ■ " ,W0 ^""''^ embodiments of lit present inventkro 
IrHcrcooncct metal segment* 205, 213, 221, «ad 229 of 15 mteK on^«netal segments, such as interconnect metal 
primary winding 274 shown in FR3S. 2A, 2B and 2C ? " 80 lfJ^ « **' 137 fa P™Joary and secondary wfad- 
eonx^retjcaively to interconnect metal scents 10S ^ ( w y *_P aUBnled d -^"<= layer 169 

U* 121. and 129 of prhtury winding 174 sb o4in nC^ _]£_> * » <**°f*«*> P»«» or by a subtaac*. 
Likewise, mtnreonnectmeul segments 237, 245. and 253 of „T* ? roCBS »- Sun 3"Jy. interconnect metal segments, 
second vi^ii^27« in nOS.2A.2B. and ZCcccieiDorri 20 . " »'«w»nect metal segments 109 and 133 m tbe 
rtspectrvety to interconnect -cud segment* 137, l^Iod pnraaiy and secondly windings, way be patterned within 
153 of secondary winding 176. * ' oKlcanc layer 164 by cither a dimascene^coccss or by , 

Interconnect metal segments 205. 213. 221 229 »T J"™?** etching process, la the damascene process, 
245. and 253 in nCsTwand 2C arnlhowi Sfi ^^l^? <f f toct T *«1 'ben fined witLmctZ 
(trough dielecafc layer 260, whereas avtxspooding m*: 25 cr^l!^T^T r, ^r fwS,,A< * «** 
connect metal segments 105, 113, !»d de^L^!^ J^f* proceSE <"CMP"> to form 

153 is FIG. 1 am shown only on ibe bottom pUkToT °T lred , 1 ,n,crcoflncct Patter-, within tbe trenches, 
diefertric layer 160. «o noaom piano or Generally ^pper is used in , damascene process; however. 

Interconnect metal segments 201.209 217 and 225 or ^ alummwn can also be used. In tbe 

primary wuxJting 274 7?FKS. f n 30 f***^*?* P"**** » blanket b yer of metal is 

intercom*** .rrSal segmerttTioT U7^^ S ° Q * ^ sa,Iicc - rbSealler. throogb 

Primary wmdmg iTdln^. Z^'iSL^^LS S^Z* H?"* *S * ***** » ^ 

segmenm 2337241. and 249 ^secmXy^Xd^T^ ^^^y^^^po^ctlh^bt^tayctof 

wtX^^^^^ 1 "^ ^n^xr^r ^ =^ 

Via metalsegroents 239.247 *123B<jZE££?J%1 d* prnnaty windmg 174 in HO. 1 and vix metal 

aon 155 of secondary winding 176 in RcTl VbTnitTl i'^^.S^ ^i" ' d . aa,as f? e "s«8 copper of 

segments 207, 215.223, aod231 of nrimaX windtT?S ^ «*trae»ive etching process using tungsteo 

tono. 2C and vii mcAl^cnJ 23™247^n1^f i» «te Moreover, in a S. 

«»ndary winding 276 in S are oci's^" Ha 2B « S^e^'^S^'" «•« 
bccanseeaoss-seeti>oaIview210toHG.2Bbtato knc«L J»^iS^ r?^?^? P n ** ss »'***»«ebotb 

line 8 — B wbicb b deep ioside the iovoWs tr™*^? ,0 J^ S Generally, tbe dielectric material mat 

w^as croc^kHral^^l^n^G^ d,cl^ Uyer.260,262 at«l 264 (PIGS. 2B aod 

line C-C wbicb is at the outside ed« crfthe m^^? b f. sU,C ? 1 d ««»< fc > or a k>w* diebetric Sbd, «s 

tranctinner. «W* ot die invcouon s porous sdtca. floorinated amorphous carton, Buoro- 

As shown In Fin ?H <t~ ,. 50 P°>ynier, paryleoc, polyaryleoc <aher, silsesquioiaac ftnori. 

inte^S^mS,,^ ^ ?* . Se P an,U ?° ,ww *o oalcd silicon ntoxid^ and dianwodlito «m^n^ 

oodary ^Zl6 a ini^^Z^ZLVZ ^3^^^^^^°^ 
piesent embodiment of tbe invention senaralion 272 « T?* 4 w,tb .«"« siagnetic field created by tbe 

between approxtro.lely_0.25 n» ar^n^rv^^^f ^^ or - If _» ^ of the induct* is reinforced 

Ito^vecTparalion Z72 mayVary^^^T^ Z^ftr** """^ " ™°*« of ftux lines are 
the scope of tbe prc^, irw^^ ^ ^^^3*^^™ ^"°^*^"* 

width of the inteicoonect metal segments in Imar* ^Su ^L^S^ T " U,04f< ^ ''««^- 
bg 274 and the width of mtc^ct^Ul^^nrin ^ iXtT^ ^ ^" TP 1 "* «* <*o inductors is 

secocdary winding 276 is -fcrre^bTn^AlIf JTntTfi *° cntf.e^L'rTr '™ ,,,C ^- ^ a,u " Ml io *«*"« » 
2B. in tbe present emb«lime« of (be mvS\ridS, 270 Klt^r ST^ 1 ° f ,' he n, » W P |i,!d 
« het^eeo approximately 0^S and 10 micros'. TteweveT ^1 ^° ftbC of ,n * ^^tanoe of each 

width 270 may vary without departing from the scope of the ir.u, r 

present invention. ^ " Ihe magnejic fields Of the cross-coupled inductots are 

A, SB owl.in^•K^2l^tbolhic^n»« a »ofdieJeetricUyer260 ^ B^^t^,^TK^' <fcm ^ 0 ^ s,,,, ^ rn,,,n,) * rof,l, « 
^re^tobym,roer,2^i: un h...^SS; ^Zt^Tj^* 
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uiu«wt mcaomty is disclosed in * opcafine United Shak ™i7„i 

T^^^cl^ofUKp^ em bo <£jM< ,,ofU >I: *PPb«tk>n entitled "Mr l}K) d^rRl^k„ of S 
invention s transformer may be increased by inciting a* unCc Inductees and Relafcd Slrncmre- Ser No. 0WK40^> 
^^^^ y0fd] ^ Uyta U9 ' 162 ' <* * 10 fited A "g" 25- «d assigned^, TeZ^ofi£ 
l^k^S^SS? to . <fieJectri0 2<». 2Q. and 2(4 I™** «PPlfc*tioo, Ibe disclose j,, ^ aw»Ka»Dfr 
»noS.2B»iri2C)oru» 00 B«n a doiiofa»l«oofih c °UK>a is hereby incorporated felly by refe£n^.??£. 
dielectric layer* or in ,U three of the diekctnc llycts. p«scof applfcaUoo. ' * «f«W» mlo (be 

°° C J MJhc * 1 *^.«»y be used io Ibe present iuveeboo to A°°*er metbod for increasing the permeability of the 

?S^L P ^ b J 1 5 «* dMecufc ^ l6 °- »«• a«*br » pC ? DeDl **f»* layer or layers tolc^ a sp^ 

144 ts by mtrodircmg m*, the dielectric Uycr (or rfijedric "a^oontaimng high permeability partidesintbe oertirieoT 

bycR^atooB md/or molecules of high permeability mate- d « 6te «* byer or layers immediately ^ to or 

nib. These high permeability atoms and/or molecule, win * bdv * lhc intereoonoa metal segments that make tu> "the 

u^e the permeability of the dielectric layer significantly winding or the secondary winding of thcTans- 

d^d mto the dielrctnc layer using ion implantation or ion f° * depos^ «*«wnen SntereoDJioct mJuTs^Ss 
sou^tag techniques. ^ S ^pnmary windiogor the secoodaxywEo? 

As an example, bo implantation can be used to introduce OTasformtr. The high permeability pvtietaTean 

*w* of high permeability materials into dielectric layers «WkJ, iron. nickel-iron alley, or 

l«y 162. or 1*4 of the invented ^ Mori 25 J^J^^i""*- ^ yate,Hft£ 
specifically, a high current ion implanler could be used to S*? ""^ windings of the SaBSfnniier.ro 

»nr^ and separate iodn^ atoms of daeb^hpernx^ ^camly ^ascdThfe method for iucrensln* dielectric 
ay material. socb as iron or nickel, -ccelbam^ fomTfcrm P^abibly » disclosed Id a co-pending Uotd Stale. 
^ a beam which would be swept across the E^^T,"^ " Mctl>od for MbAalbg On-Cbip 

j 00 *,^ mdivi<teJ penetrate the 30 .I^^T^r? R ^ Structure,- Ser. No. (W6^.4«3ite5 

surface of the dickctne layer and oomc to a stop below the *3 u \~°^ l * n ° ,ss « ncd » ibe assignee of the present 
snrfeeo of the dielectric hyo: »t & noted tl»i p,wcoi Whcatoo- The atsctosurc in that co-pending .ppl^ioo ^ 
aprJ-^wion die fe ^ -^O* to refeT^ bereby uicorporaicd ftdly by refcrencTtoiAe pnsent 

«m«d atoo^. icWd cn«ers of ato^o7L«^ rnol! P ^* 0 * 
ecnles. Ato, the bo impbnter used to implam ions in the 35 _I? 1 '^5 mc ^^ i ^^ ^penDeabdityof the 
dielcctnc liyer is iwd in many other Ion implantation ocas d fetotoL Uycr or layers is to deposit a blanket 

required for fabricating semiconductor chips, such as to pctmeabiUty majcrial over the perbncot drclec- 

■mplantaisefflic. boron, and aigon tons into the cnip to torn, ^ C ^ r ° r UytI ^ ^ bigh permeability layer can 
doped rcgfoos on tb* chip. compnse, for CTanjpte. nickel, iron, wokd-iron aUoy or 

Asane^ple^ionsct^bcitnpbntedmarryoftae * ^^J^^^^^P^aot tbcUycrof bigb 
dielecUK layer, ISO, 162, or 164 of tbc present in^Dtion^ a^n^,^!^ 1 f"^^ by, for 
tetnnfeimer to increase permeability. In the alternative t?^f ^qne Af^r depositing dae bigb permeaofl- 
o«tel ton* or ions from other high permeability metals ^r^oL^, 100 - t ^. , " 0 f s w ""Jccules b the high 
could be nnplanled. Ftoner. a metal altoycan betoptujted a< ^^^.^f^' 5 ' 11 ^ toto "* ^rtymgdiekciric 
in dtekctric layers 1», 1(2, or l<Tof the nreS, tbe mterennwci metal segments of the 

nnslbrow by implanting tons of dfflfcxenl metals in dose, H^^k^wb^o,,!, by^tioo's 
thateorrespondtoUtoraitooftfcdi^^ S 6 ™'^ ^ ^ P^Mity of the noderiring 

and .n energies thai give matched koplantaboo depU. profit ^Z?<™ ^ ^b** of primary andVbr 

The different ion. of fte atby can be kptX^Z m ..^Kf^^ ""-dormer « signiGcanlly 

sq»«tc onpiao^tion steps. This metal Hoy imptanS ^^i^ ^ »««sing diefceuie pcrtneabil- 

may bo desirable, as some metal alloys hayo higf£™! cL^T^ „ "I i^ 0 ^ 8 United States patent apph 
abihty doan dre indrvidu.l toctabalcJ The abcTIS o n ^ i * a | ^l {or '^^8 lodncta„« or 

iccbanqne for increasing dielectric permeability by impfan- Rdated ^rucnare,- UA Scr. No. 

tatton or sputtering of high permeability io^ fa discloid in « „r ,T? ^ ^ 2 ° 00 ' iJxi ^Saod to the assignee 

a co-pending United [.Slates patent application endued ^L^L^ 0 ' l^" 0 ' 1 - in that co-p^diog 

"Method forP^ricadonof On-'cbip IrZinrs and fefa^S ^^^' K ^^ B ^' t6mno ^^ 
Smictttre,- Ser. No. 0»/627^0S hfed JuL 28. 2000 and P "T°\^^- 

as6«0ed to toe assignee of the preeni application. The ^^T^""^"*^ wf,he ^ ™»»»Kk1» 
dssdosore in that co-pending application is hereby iocorpo- M ^.J**?^ 10 int ' w,Uce Wgh permeabaUy mate- 
rated fttUy by reference into the present appficalLT^ *° T** ?°° b ? tie ««ound» an inductor 
Other mctbodscxist for increasing Ibe permeability of the a -.V? * * -iniers P crsto S" « «"« Present 
diekctric layer or layers through *L* KlgnenVfcS £"1 £ Pf™**"^ ""^1 lhat is toter- 
llux Knestraye.se. lWe«mpteTircnd^cantattetod tato -S^L ** 1 °? nC fc 4180 » ^ > 
^ dielectric regions nea ,„ the itUcrconnec, rt^l ^ 4 , a^SSS mTT^r " fl*"^. 
menis of the primary winding or the Secondary wiorJinTof L-^Tt *" "° tbe dielcc- 
Ibe uansf.cnx, Inc trenches are *en^K„Sui „X " nidW, ' iro0 ™&* ac 
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in rebf ion to FIGS. I.2A, 21^ md 2C^c£^£affi «»* ST* 1? tta ^ a5& * ^ 

revive to any known transformer in ibc art. One reason Ihr £5£! * * e 1 *2* ta W» «■ «* by Mppfoe into the 
.chiving a small * a*, through £aeL^ltaSE£ l^^Tf* • «U above or &w metal 
^.^Of^of^S^Xo^ , ™ jlt, P Z"17 winding 
lM.b^md^aaiK^v^^foriitej^i^^^i*^ * ***** Moreover, a connection to the-dnfeidc 5 

wfadtogs of the inve»W s tratdormer^^nWL of j^ Dnd *<7 31* can be m*lc by3^ 

or more of the dielectric layers 16© lfiL« 164 i£ ~L- wf "^ 1 P""" 1 * wwtTmg 304 *ul seoudarv 

coupling cotffcfe* between ^SJS^LS ^-^S*?^ • 

pruovy second windings » iko increased Thr. h,„w 10 u - ler ^ ,rf ^'^wWin S 304istypi(ally TO Kte 

smaller arc* reUlive to any off«>upfr^^ D>eleetnc tajner302 ia FIG. 3 can comprise szlkoo 

*wU «i of the invention's «o^«^SS:^ tZ^J.^" k » P<^^ fW 

0£bJp fabrication of *e Won»„ wK^££ «* v^rT^fe^' ftu *?*^»«. P-rf«* pel- 

"^wwpn^oBlyoatawBiolheirt. w^J!^Si ,,S ^? UOxJ,oe ' siifcoq dioxide, 

on^p tr^n^ is!^ it can n^tUxoeed for decree! E?. -^T*^.!^^ * * 

a* electronic circuit component size* and ES^^L^i? f" 00 ^ «^i)g 306 may be 

Moreover, another ad^nta^^o^ * h)W 302 b >- ^ • ^a^ne 

exposed to those elements, hoi are ^ scmiconolKtor ,J- " °°! diffcrencr - «wwee 0 the embodiment of 

«Aip. son"™*!*** the mvcrruoq's transformer in FIG. 3 and embodiSe« of 

•^o^ 6b «ieatioooeacp^i I ^ ntoo . slraw . Ibtt t TC >K^l^?S 1"^' ^ ^ 2B . ««1 2C is 
Wt b also ooa<abctiv*. since te fabrication can ™ HG 3 ^£?^L * mVcotio0 ' 6 "a-***™* u, 

^asaCMOSproccsflow.Thep«seatem6odimeni^f ^{^* t f a ^ *«1 » such are patterned io (be same 
the indention's transfcftne, does r«T^^i^^^ ^te«no |,yer F diefcetric Uyt/ 302. to contrast, in the 
«-^or M ^^ l S^X.ip^K^ ^o^of^in^d^cr^inFIGTr^i^ 

compared to off<h^, wires and orT<hi. inten^eci^es Idferent metallization levels and were 

^ » M tbc inter.onnecl Les u«d fnT^S^ *£3ttJE?-£Z2" ^ to 

Lltk unwanted r^^isun^ c^paoiUner.^d^oa^c^ * 'T'' i 0 ^ 1 ^ ' 3yer ^ ^ "«S- 2H 

and R is Ihc resistance inherent m the .o.hjctor.Tto 7k ^So?^,^ ^^f^ R ^ d)ckct ^ ^ 3«2 stom, 
weu known in the an that the todoaM^ ^oXw fa pe™caMi«y material, thmngh the 

Fractional to tie penneabnity of the ntatcSaHS^ u^Xk^t^S' * ^ ^ per^abil- 

whicb tbc magnetic field Qua lines traverse. SicaT.be « Z!^K? ,tol * ila,B1(ll »'«y»I 
permeability in any of dielectric layers 160^ oMMk ""f 110 ^ Jcs ? ajed to ,he exemplary ernbodirnent 

*«ribed above. !be ioductarxx of lbc in^ D " ^ J? ^J^Tf 001 »^ttoo'* transformer 300 sieves 
former's .noWtorsaod, therefore, the qnlhtyS, of ^ ^J^L*^^. ^ nigh quality factor 

ioctaaor*. is atoo irMaeased^fianlir « !l^rT < ^ I0S5 ' rcblWily - ^^^vene^ Ja dimi- 

Another exemplary embodiment of the prrwnt inv™- ^^jT^ fc '??"! mC01 <* WrlnoetiDito ttrongh off-chip 
lion'. iWorm^lbown in HC, 3 FI?.. 3^w7£o ^em^^.'TrT 1 ^ ^ S*« ««• 
view of tbe inventi^', transformer 300 £ ti ^.7^^™* mW ° li,5n ' S in 

embodiroeoL IHe dielectric layer in which the toveolioe^ v~. ^ C ' 

u. FIG. X rhc primary winding of tbe invin,^^ S^USf SSTrf,^ i? "°' * I"' 0 4 ^ » 

former 300, d» called a -first ooodttctoT in me pr«^ SZZ^Z ff £ . ,nvea f 0 s «™t°™< 400 The 

appljcation. is referred to by numeral 304 in FIG. 3. SSTa ^^l^T^ * « ransfo ™«r «». 

MCOodary wmding of tbc invemion's iraQsTormcr 300. aI« I tZLa, k ,^2f to lbo P***™ «Ppl>c«Uoo, (s 

called a "«»nd condnctof in tbe p^SkS -vrerted to by ™imcral 400 in HO. 4. Tbe secondary winding 
referred to by nomcra. 3« in MC. TTL 45 ^XZ'T^^T' T'^ ^ ^ 

PnmV y ^304 andscoond w^306.a ^^U, ZSjlOm ^.^dS^^n^ 
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^^^J^?i^ m ^^^ y ^ g ^ b ' **** otoriiny ^ m ibe art that the specific cznbc* 

~*«Iary winding 410 b patted safari tog f^ET <fcS ^ For 

Qumeral 40*. TV dielectric layer of the uiverrtioo's tuns- < combwatxoos of matcnalsmay bo used in vanoasdkkcinc 

former 400 fcHG. 4 that *brt«rc^ layers* examples of which aic low dkkctric constant male- 

dielectric layer 406 is referred to by numeral 404 For riak ^ ** J* 3 *** sffica, iShjorinated amorphous carbon* 

jljjstratioo pwposes, primary winding 408 of transformer flwrxvpolymer, parykoc. pollyaiyfcnc ether, arsesn^ioxaoe, 

400 in FIG, 4 is shown larger than secondary winding 410, ftooriaaicd silicon drcgido, and diamnndlikc ^rfrrn, to meet 

and not directly under secondary winding 410. However, in certain design requirement* In addition, various combina- 

toeexewplary «^rneo! of Uicprescrt^iiDti's tons- rions of lechnimes known m Uic ait may be used * 

^se^a^ ^'^^^^^^ 

secondary winding 4li. In tbe present invention's trans- "Hra* o*chip transformer:; have been described 

former 400 * FIG. 4, dielectric layers 402, 464, and 406 can What is claimed k 

comprise silicon dioxide, or any of tbe low-k Electrics « a A ^^J^T^ ^. 

incnOooed in tbe exemplary cmbodrant of tbe presem ^ structure in a semtcrinrrnrttx chip, said structure 

imrcntioo's transfomier in FIGS. JU 2A. 2B, and 2C. composing: 

As in the prior exemplary emborhmeats of the present a dielectric area having a first ixrmcabibrr 

mventioo, the permeability in any of tbe dielectric layers . ^ . . . . ^ 

402,40«.c*4o*inFl^ 20 1 pCnra ^* «°versioo ™fnal having • second 

of tbe diekctrie layers, or m ait three of tbe dieler^cT)^ pcrmcabDity, said permeability conversion material 

may be increased by introducing into any of the dielectric beu18 ratcrspeecd within said didectric area, wherein 

layers 402, 404, or 406 atoms aoaVor molecules of high **** second VctrntubUity is greater than said first per- 

permeability materials through the method of implantation racabflity; 

or ion sputtering, Ihe permeability of dkkctric layer 402. zs * first conductor patterned into said dkdectric area, said 

^sus.^^ ^tr r ^^^^ 

invention's transformer in FIGS. 1, 2A, 2R, and 2C a seoocxJ conductor patterrjed into said dkkctric area, said 

A dffioence between the present ernbomment of the ~ second conductor having a second plurality or turns, 

invention's transformer and the cmbodiuxari of the fovea- « stmcfure of claim I wherein said dkkctric area 

lion's transformer dejcussed in mlaiion m HOS. I« 2A, comprises at feast three dkkctric layers, 

and 2C is thai in the present embodiment the entire primary 3. The stniortirc of claim I wtxrein satt dklectrio are* 

winding h patterned in a single dielectric layer while the Emprises a ptorality of dielectric layers, wherein said first 

entire secondary winding is ate patterned in a single, but a ^nductor is in a first dielectric layer of said phxralrty of 
separate, dielectric layer. In other words, each of the primary « <H*kctric layers, wherein said second corjcroctcr is m a third 

a^ secondary wrrH&igs arc farxicated in their own separate dielectric layer of said phuiUty of dickctric layers, and 

dielectric layers. In contrast, in the embodiment of the wherein » second dielectric layer of said plurality of d*cloc~ 

latino's transformer shown described in relation to trie layers b situated between said first and third dkkctric 

FIGS* I* 2A. 21^ and 2Q the pn mary wrndmg is drsrr^nued layers. ~W»c 

^^^^^^^fo^l^^lSZ. ^ 4. The structure of claim 1 wt^rein said plurality of 

^ U. dielectric layers 160. 162, and !*4 as shoTm J*£Z^^^ a ^^ pN *" " 

a A-ffr m.vx i-*- ,i_ , fc . suuetun: of claim 1 wbcrein said dkkctric area 

A difference between the embodiment of the invention's 45 comprises a Inw-k dielectric. wsicwnc w« 

^ranslormer shown in FIG. 4 and the embodiment of the ^^^1^^ . , 

UTventmn-s transformer shown in fie. 3 is thai h fto ? ^Jc^^ ^ 

embedment of the invenUoo shown in FIG. 4, the e*£ ^^^ B ^ d ^ tte{WCOflSiStiD ^ 

Primary winding is patterned in a single dkkctric layer ^ orirfc. 

wbflc the entire secondary winding is also patterned in a *> ___ sm * c<ure ° r d* 5 ** 1 ^rctn said dkkctric area 

stogie, but a separate. Adcctric layer. In other words, each C ^S?T " * 05ddfc 

of the primary and secondary windings arc fabricated in , r straclurc ofch «n I wherein said first conductor is 

tbetr own separate diekctric layers. Iq contrast, io the ^■ e ^[^ l ^gwpc^n 5 istirrgof 

embodiment of the invention shown in FIG. 3, both the ™^~*hnitm™ alky. 

primary winding and the secondary winding of the inven- « , "^-f*™? 1 " <Mm 1 second cooduc- 

tk)n'R rransrofmer are patterned rn a single, and the same. ^ ^ ** tected from the group consisting of copper, 

dielectric layer. " aluminum, and copper-aluminum alloy. 

It is noted tbat tbe exemplary embodiment of tbe present U * l\ sLrucUins io a ^toadirctor chip, said structure 

invention's transformer 400 io FIG. 4 also achieves the Cumpn5U)g: 

advantages of small size, high quality factor inductor <so * ^ dic,oelric u > tr » 

windings, reliability, cost effectiveness, and elimination of * second dielectric Uyer situated over said first dkkctric 

ibe require meal of connections through off-chip wires or ^ycr, said second dkkctric layer being interspersed 

off-chip mkrcooiioct lines, as described in Ibe Gist cxem- with a permeability convetskn material; 

^T^i*^ of J^. prcscm i™**™** transtormcr in a third dklectric Uyer silaaied over said second diekctric 

i-hk>. i, za, &\i w and 2{.. 4< layer; 

^itecenaiDeml^imcnlsofUlBbvenliodareinBar*^ a primary windins pallcfncd inio 9 io second aD d 

■n Ihc diawu^s and s« dc^rihed horcin. it n , pi>4retrt u> diirU dicl«.iric Uyets; 
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i second winding patterned into slid Gist, second, and 
third dielectric layer. 

12. The structure of daim 11 wbcrcio said primary 
winding comprises a plurality of mtercoooect metal seg- 
ments, in said first dielectric layer and a plurality of inter- 
connect metal segments in said third dielectric layer, 

13* The structure of claim 12 wbcreia a plurality of via 
metal segments. i Q said second dielectric layer interconnect 
said plurality of interconnect metal segments in said first 
dielectric layer wilb said plurality of interconnect metal 
segments b said third dielectric layer, 

14. The structure of claim U wherein said secondary 
winding comprises a plurality of mtercooncet metal seg- 
ments in said first dielectric layer and a plurality of inter- 
connect metal segments in said third dielectric layer. 

15. The structure of claim 14 wherein a plurality pf via 
metal segments in said second dielectric layer i<ne™rocct 



10 
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said plurality of interconnect metal segments in said first 
dielectric layer with said plurality of inuvcoonect metal 
segments In said third dielectric layer. 

16. Ine structure of claim U wherein sail first diJectoc 
layer b totersperscd with a permeability coovcrsmo mate- 
rial. 

17. The structure of daim 11 wherein said third dielectric 
layer is interspersed with a permeability conversion mate- 
rial. 

M. The structure of claim 11 wherein said first and said 
third dielectric layers ate interspersed with a permeability 
conversion material. 

19. The structure of claim 11 wherein said permeability 
conversion material is selected from the group consisting of 
nickel, iron, nicXcl-iron alloy; and magnetic oxide. 



PAGE 79/79 * RCVD AT 2/24/2005 2:48:27 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 ^ DN1S:8729306 4 CSID:845 892 6363 * DURATION (mm-ss):24-20 E , 



79 ** 



